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THE  GEOLOGICAL  SURVEY  OF  INDIA. 


Part  1.]  1885,  [February. 

AirauAL  Bbport  or  the  Gbological  S'ubtet  of  India,  and  or  tub  OsoiioaiOAL 

MusBUM,  Calcutta,  fob  thb  tbab  1881 

The  Peninsula  area. — ^In  Southern  India  Mr,  Foote  began  the  season's  work 

in  continuation  of  the  cave  exploration  in  the  Kamol 
-^    ^  '      District,  but  in  the  middle  of  it  he  was  called  upon  to 

undertake  an  exploration  for  coal  along  an  intended  line 
of  railway  between  Hyderabad  and  the  Kistna.  Fortunately  we  were  able  to  secure 
the  services  of  his  son.  Lieutenant  H.  6.  Foote,  B.A.,  who  had  been  for  some 
time  helping  his  father  as  an  amateur  cave-hunter.  An  interesting  preliminary 
account  of  the  result  is  published  in  the  last  number  of  the  Records.  It  is  on  the 
whole  encouraging;  a  large  number  of  bones  have  been  secured,  some  of  animals 
that  do  not  now  inhabit  this  region,  some  human  remains  and  articles  of  human 
manufacture,  the  latter  at  the  considerable  depth  of  16  feet,  but  nothing  to  show 
that  the  caves  had  ever  been  used  as  dwellings  or  as  a  place  of  sepulture.  Ar- 
rangements have  been  sanctioned  for  carrying  on  the  work  during  the  present 
season,  after  which  a  close  examination  of  the  whole  collections  should  determine 
whether  the  search  is  worth  continuing. 

The  country  between  Bezvdda  and  the  Singareni  coal-field,  and  from  the 

latter  to  Hyderabad,  where  Mr.  Foote  was  sent  to  look  for 
eoid£ HvdenSftd  ^^*^»   proved,  as  we  expected,  to  be  all  of  gneissio  rocks. 

The  only  reward  for  his  labour  was  the  discovery  of  a 
strong  lode  of  rich  iron  ore  close  to  the  Singareni  coal-field.  An  account  of  the 
traverse  is  published  in  the  current  number  of  the  Records. 

As  stated  iu  last  year's  report,  Dr.  King  took  up  work  in  the  series  of  coal- 

Chhatiisoakh  coal-       fields  on  the  norfch-east  confines  of  Chhattisg^h,  especially 

MLD8 :  with  a  view  to  exploration  for  coal  near  the  line  of  the 

Dr.  £S»y«  projected  Nagpur-Bengal  Railway,    The  results  of  his 
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Btirvey  are  pnblislied  in  the  Records  (XVIT,  part  3).  It  would  be  impossible  to 
give  any  further  opiDion  on  tbe  measures  until  some  trial  borings  have  been 
made ;  they  are  now  being  sunk  under  Dr.  King's  direction. 

The  promises  made  in  last  year's  report  regarding  the  Bewah  coal-fields  bave 
Thb  Bbwah  goal-  been   most  successfully  accomplished.     The  sbafts    put 

pisLDS :  down  on  tbe  coal  in  the  Umaria  field  under  Mr.  Hughes* 

Mr.  Eughe9.  direction  have  fully  satisfied  his  expectations,  and  ener- 

getic steps  are  now  being  taken  under  Mr.  Hughes'  management  to  establish  an 
extensive  colHery  there ;  and  a  brancb  railway  from  Katni  on  tbe  Jabalpur  line 
is  under  construction.  Mr.  Hughes'  whole  service  (since  1862)  bas  been  spent 
on  the  Oondwana  rocks,  and  it  is  most  pleasing  and  appropriate  that  so  fruitful 
a  practical  result  should  be  in  a  very  special  manner  due  to  bis  sagacity  and  per- 
severance. During  last  season  Mr.  Hughes  also  managed  to  complete  the  examina- 
tion of  the  southern  coal-fields  of  the  ftewah  Oondw6na  basin.  The  total  area  of 
exposed  coal  measures  is  no  less  than  1,800  square  miles.  The  descriptive  memoir 
with  maps  is  now  in  the  press. 

Mr.  Jones  joined  Mr.  Hughes  in  January.     He  bas  tbis  season  been  deputed 
to  survey  tbe  Pench  coal-field  on  tbe  south  side  of  the  Sdtpura  basin. 

Sub- Assistant  £[ira  Ldl  gave  satisfactory  aid  to  Mr.  Hughes  in  bis  survey 
operations.    He  has  now  been  transferred  to  Dr.  King. 

In  tbe  past  season  Mr.  Bose  took  up  new  ground,  in  the  basin  of  the  upper 
LowBit  YiNDHTAirSf        Mdhauadi.    He  covered  a  large  area,  but  I  regret  to  say 

Chhattiboash  :  the  result  is  exceedingly  unsatisfactory.     For  his  work 

Mr.  Bos$»  jjj  Nimar  there  was  an  excellent  sketch  survey  by  Mr.  Blan- 

f  ord  to.  start  with,  aild  the  rocks  presented  no  structural  complications  ;  Mr.  Bose 
bas  moreover  such  facility  in  expressing  himself  and  in  settingup  a  description  that 
there  was  little  or  no  room  for  the  detection  of  error  from  a  perusal  of  his  report, 
beyond  such  general  defect  of  scientific  insight  as  I  have  noticed  in  the  Preface 
to  Mr.  Fedden's  Kattywar  report  (Memoirs,  XXI,  part  2).  In  Chhattisgarh, 
Mr.  Bose  had  to  break  ground  for  himself ;  and  although  this  is  by  no  means  com- 
plicated, his  attempt  even  to  understand  the  problem  of  the  rocks  is  extremely 
feeble ;  his  map  is  no  more  than  a  lithological  index ;  there  is  a  total  absence  of  cri- 
tical observation.  In  discussing  the  question  of  the  employment  of  natives  on  the 
Oeological  Survey  of  India,  I  have  had  frequent  occasions  to  point  out  that  our 
work  is  essentially  scientific  research  and  does  not  admit  of  being  done  by  rule,  with 
little  or  no  understanding ;  and  that  if  not  within  measurable  range  of  modem 
scientific  standards  it  is  worthless ;  on  the  other  hand  I  mentioned  the  fact  that 
as  yet  no  single  instance  had  occurred  of  a  native  showing  himself  capable  of 
original  scientific  work,  the  conclusion  being  that  the  Geological  Survey  was  about 
the  only  branch  of  the  public  service  in  which  natives  could  not  as  yet  reason- 
ably find  employment.  I  fear  that  Mr.  Bose  is  no  exception  to  this  rule,  al- 
though he  has  had  the  advantage  of  the  best  teaching  in  the  scientific  schools 
of  England.     It  is  quite  a  Darwinian  puzzle. 

Bub-Assistant  Kishen  Singh  mapped  a  considerable  area  of  Yindhyan  rocks 
south  of  Bdndi  in  B&jput^na,  but  it  would  be  impossible  to  make  out  a  present* 
able  description  of  the  country  from  his  notes. 


EMIT  IJ      '  Annual  Report  far  1884.  S 

The  easirik'P^ninsula  area, — ^Mr.  Oldham  has  sent  in  fall  progress  reports  of 

^^  last  season's  work  in  the  Himalayan  region,  emhracing  a 

Kr  Oldham,    '         Bection  from  the  plains  to  the  base  of  the  main  range.    In 

the  Sab^HimalayJEm  Bone  the  following  interesting  points 
/have  been  fixed :  the  re*disooTery  of  one  of  Colonel  Oantlej's  most  important loca- 
litiesfor  fossils,  at  the  entrance  to  the  Elalawala  Pass  (Records,  1884,  p.  78) ;  the 
detection  of  an  nnconformity  in  the  upper  Siwalik  strata  east  of  the  Granges 
(Records,  1884,  p.  161),  which  later  in  the  season  he  traced  in  the  range  west  of 
the  Granges ;  but  chiefly  there  has  to  be  noticed  a  judgment  upon  Ihe  '  main  bound- 
ary/ that  of  the  old  rocks  at  the  inner  edge  of  the  tertiary  zone.    This  has 
been  a  yery  burning  question,  as  may  be  seen  by  reference  to  Mr.  Theobald's 
paper  on  the  Siwaliks  (Records,  XIV,  p«  105) ;  but  since  the  correction  by  Mr. 
Oldham  in  1881  of  a  certain  ''  key  section  "  near  Nahan  (Records,  XIY,  p.  173) 
the  particular  view  taken  by  me  of  the  main  boondary  has  lost  its  chief  support, 
and  the  view  now  ofEered  cannot  be  forcibly  contested*    The  point  is  discussed 
with  reference  to  the  section  in  the  Ntin  stream  under  Mussooree.    In  the 
original  description  of  that  section  in  1864  (Memoirs,  III,  2,  p.  128)  it  is  left 
very  much  an  open  question  whether  all  the  rocks  there  are  not  Siwaliks,  as 
Mr.  Theobald  (luiJ)  subsequently  asserted  them  to  be,  and  as  Mr.  Oldham  now 
re-affirms.    As  regards  the  main  boundary,  the  '  key '  aforesaid  made  it  a  very 
plausible  supposition  that  this  feature  was  an  original  contact,  albeit  much  disguised 
by  subsequent  compression  and  faulting,  Vhereas  Mr.  Oldham,  by  showing  inver- 
sion of  the  inner  rocks  at  the  boundary,  and  other  fair  arguments,  makes  out  the 
boundary  to  be  a  faulted  synclinal  flexure ;  though  it  does  not  appear  that  he  supposes 
the  original  limit  of  the  Siwalik  rocks  to  have  been  far  north  of  the  actual 
boundary,  so  that  the  change  of  view  is  not  so  g^at  as  it  might  seem.    When  the 
feature  was  first  discussed  the  choice  seemed  to  lie  between  the  view  then  taken 
and  aheer  faulting  (including  under  this  term  the  reversed  faulting  along  oblique 
plains  of  fracture  in  the  axes  of  folded  flexures);  Mr.  Oldham  also  rejects  the 
reversed  fault,  in  its  plain  form,  on  account  of  the  absence  of  the  crushing  that 
presumably  must  occur,  and  adopts  ''  the  supposition  of  a  faulted  synclinal  flexure 
in  which  the  disturbance  of  the  original  relations  has  taken  place  mainly  by  the 
older  rocks  being  pushed  up  over  the  newer,  according  to  Professor  Heim's  theory, 
rather  than  by  an  actual  shifting  of  the  opposite  fckces  of  a  fissure."    The  dis- 
tinction, in  words,  is  not  obvious ;  and  it  is  very  difficult  to  imag^ine  the  process, 
seeing  that  the  rocks  on  either  side  of  the  dividing  plain  retain  their  respective 
structures ;  but  somehow  such  contacts  are  brought  about  with  little  or  none  of  the 
grinding  action  that  would  seem  inevitable.     Another  very  interesting  point  is 
the  discovery  of  an  outlier,  of  SiwaHk  sandstone  resting  on  crumpled  slates  in  a  low 
hill  north-east  of  Dehra.    With  the  single  exception  of  a  case  noticed  by  Mr. 
Mallet  in  the  Bhntin  Ooiurs  (Memoirs,  XI,  p.  44)  it  is  the  only  observation  of  a 
base-rock  within  the  true  Sub-Qimalayan  zone.    The  absence  of  any  older  tertiary 
beds  here  is  particularly  interesting,  as  almost  necessarily  implying  their  extensive 
upheaval  and  removal  before  the  Siwalik  period. 

Among  the  vastly  more  complex  rocks  of  the  higher  hills  the  changes  intro- 
duced are  more  extensive.   The  series  of  formations  described  in  Jauns^  (Records 
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XVI,  p.  193)  is  Bomewbat  altered  and  greatly  amplified,  and  Inonglit  into 
relation  with  those  of  the  Simla  region.  The  following  is  Mr.  Oldham's  snmmaiy 
of  conelnsions: — 

1. — That  the  Simla  and  Janns&r  sections  are  not  related  to  each  other,  bat 
that  except  for  some  possible  exposures  of  the  EIrol  in  Jaunsir  the  rocks 
on  either  have  no  representative  on  the  other. 
2. — That  the  Simla  section  does  not  represent  a  conformable  sequence,  bnt 
that  between  the  infra-Krol  and  the  Blaini  there  are  interposed  (else- 
where) at  least  two  formations,  and  two  unconformable  breaks. 
3.<«-That  the  Deoban  and  Krol  limestones  are  not  the  same,  bat  that  the  former 

is  mnoh  older  than  the  latter. 
4.<~That  the  MandhiUi  series  is  older  than  the  infra-Erol  (bnt  newer  than  the 

Deoban). 
6.— 'That  the  Deoban  limestone  is  newer  than  the  Blaini 
6. — ^That  the  Blaini  is  newer  than  the  lower-Ghakr&ta. 

7. — ^That  the  series  which  last  year  were  provisionally  and  donbtfnlly  grouped 
together  as  Lower  and  Upper  Ghakr&tas  mnst  be  separated  as  belong- 
ing to  different  formations. 
8, — That  the  B&wars  are  bnt  a  special  form  of  the  basement  beds  of  the 

infra-Erol. 
9.— That  the  Panjfl  conglomerate  occurs  in  this  region,  and  it  is  not  the 
representative  of  the  Blaini. 
It  would  be  unreasonable  to  expect  that  all  these  announcements  should  be 
immutable;  Mr.  Oldham  is  certainly  right  in  attempting  free-hand  tentative 
groupings,  and  all  are  based  upon  local  evidence  of  variable  validity. 

Those  acquainted  with  it  will  be  glad  to  see  that  the  primitive  series  of  the 
Simla  section  is  not  much  interfered  with  at  home.  The  Krol  limestone,  Krol 
quartsite,  and  infra-EIrol  carbonaoeons  shales  still  remain  the  highest  groups  of 
the  lower  Himalayan  rock  series ;  and  the  several  groups  (B&war,  Mandh^li, 
and  Deoban)  separating  them  from  their  constant  neighbour  of  the  Blaini  stream 
axe  not  said  to  occur  here.  The  discovery  of  a  second  conglomerate  will  gpreatly 
reduce  the  duties  of  the  hitherto  seemingly  ubiquitous  Blaini ;  and  a  second  strong 
limestone  band  to  take  the  place  of  the  Krol  in  certain  places,  as  in  the  Sh&li 
mountain  north  of  Simla,  is  distinctly  a  relief.  Mr.  Oldham  gives  ample  strati, 
graphical  observation  to  confirm  Colonel  McMahon's  petrological  arguments  that 
the  '  central  gneiss  *  of  the  Ghor  and  some  other  places  is  truly  a  granite ;  still 
I  find  a  '  central  gneiss '  at  the  base  of  the  new  table  of  formations ;  and  this 
too  is  satisfactory ;  it  would  be  almost  preternatural  that  sach  an  immense  file 
of  geological  records  should  have  no  archasan  foundation.  It  is  lamentable  to  have 
to  record  that  still  not  even  the  ghost  of  a  fossil  has  been  seen  in  these  rocks. 

I  have  given  Mr.  Oldham's  results  somewhat  at  length,  because  they  may  not 
be  immediately  published  in  original,  the  exigencies  of  our  Indian  service  having 
made  it  desirable  to  depute  him  for  the  current  field  season  to  the  Andamans 
with  the  Topographical  Survey  party,  for  which  special  arrangements  have  been 
made,  and  such  an  opportunity  might  not  occur  again  incur  time.  Mr.  Oldham's 
experience  in  Manipur  (MemoirSi  Vol.  XIX)  at  the  starting  point  of  this  region 
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of  distnrbanoe,  may  give  bim  some  olne  to  tlie  oorrelation  of  the  rocks  in  those 
island  oatliers« 

Mr.  Middlemiss  joined  Mr.  Oldham  in  Jannaiy ;  he  has  this  year  been  started 
on  independent  work  in  Gku'hwal. 

Colonel  McMahon   has  now  completed  his  elaborate  microscopical  studies 

of  a  large  series  of  Himalayan  rocks,  proving  among 
other  interesting  resnlts  the  eruptive  character  of  certain 
psendo-gneissic  rocks  of  the  Dhnladh^r,  the  Ghor,  and  other  localities.  Mr. 
Oldham's  recent  determination  of  the  undoubtedly  intrusive  relations  of  this  rock 
in  the  Chor  is  a  satisfactory  conclusion  of  this  enquiry.  Colonel  McMahon's 
description  (Vol.  XYII,  p.  104)  of  the  extreme  metamorphism,  amounting  to 
proximate  fusion,  of  the  quartzites  of  the  ridge  at  Delhi,  is  an  interesting  indica- 
tion upon  the  history  of  the  Arvali  rocks. 

In  connection  with  Himalayan  geology  it  is  not  out  of  place  to  notice  a  study 

HixALATAH     MoT7V«     ^  ^^®  mountain  system  of  the  Himalaya  presented  in 
TAXK  Srarnc :  Colonel  Godwin- Austen's  address  as  President  of  Oeogra- 

Zi,-CoL  €MMt»^  phical  Section  of  the  British  Association  Meeting  of  1883, 

AwU%,  supplemented  by  a  map  and  sections  with  notes  published 

by  the  Boyal  Oeographical  Society  (Proceedings,  1883,  p.  610).  If  the  views 
given  had  been  mere  geographical  delineations  they  would  not  have  called  for 
attention,  as  being  suitable  to  the  audiences  addressed ;  but  the  essay  is  a  lauda* 
Ue  attempt  to  forestall  time  by  introducing  to  topographers  rational  concep- 
tions  of  mountain  structure,  and  thus  geology  is  necessarily  introduced.  Unfor- 
tunately, however,  the  author  is  not  himself  quite  emancipated  from  the  ideas  he 
would  subvert.  These  may  be  indicated  as  a  mistaken  conception  of  unity  based 
upon  an  unnatural  assumption  of  continuity.  Of  this  kind  is  the  extension  of 
the  extinct  axes  of  the  Himalayan  range  into  connection  with  the  gneissic 
mass  of  Afghanistan.  The  confusion  is  the  same  as  it  would  be  to  ignore  the 
separate  members  of  a  compound  organism  ;  there  may  be  homology,  but  the 
forced  continuity  leaves  out  of  count  conspicuous  and  essential  structural  characters. 
Again,  to  make  the  Pir  Panjdl  and  the  Dhuladh&r  continuous  with  the  Chor 
mountain  of  the  Simla  region,  is  about  the  same  as  it  would  be  to  confound  the  tail 
of  a  vertebrate  animal  with  its  limbs.  These  errors  have  been  pointed  out  before 
(  Becords,  XV,  p.  6). 

In    last  year's  report  I  mentioned  the  completion  of  Mr.  Oriesbach's  rapid 

Thi  Cbhtral  Hnu*        survey  of  the  Hundes  region,  and  that  his  observations 

LATA :  there  had  been  connected  with  those  of  Stoliczka  in  Spiti. 

jir.  wn^toaeM,  j  -^^^  j.-^qj^  ^  explain  the    postponement  of  any  fuller 

notice  of  the  work  owing  to  Mr.  Oriesbach's  urgent  deputation  to  accompany  the 

expedition  to  the  Takht-i-Sulemdn.     Subsequently  to  this,   while  making  some 

connecting  observations  on  the  North- West  Frontier,  he  was  taken  seriously  ill 

at  Koh&ty  in  consequence  of  which  it  was  necessaiy  that  he  should  spend  the 

hot  season  in  the  hills,  and  while  at  Simla,  he  managed  to  get  appointed  to 

accompany  the  Afghan  Boundary  Commission.    Had  I  been  in  India,  I  should 

probably  have  succeeded  in  having  some  other  officer  deputed  for  this  duty.    No 

doubt  the  best  use  that  can  be  made  of  Mr.  Griesbach  is  for  the  superficial  kind 
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of  work  that  is  alone  possible  in  those  expeditions,  and  his  adaiiraUie  skill  in . 
drawing  is  a  special  qualification  for  such  work,  nevertheless  the  further  post- 
ponement of'the  acconnt  of  his  Himalayan  observations,  begun  in  1879|  should 
have  been  avoided.  His  maps  were  fully  prepared/before  he  left,  and  are  now , 
being  reproduced  for  publication ;  a  large  number  of  illustrations  are  also  ready, 
but  the  descriptive  text  has  not  yet  been  sent  in,  and  it  cannot  be  fitly  prepared 
away  from  sources  of  reference. 

The  details  of  Mr.  Griesbach- s  observations  in  the  Sulemdn  hills  have  recently 

been  published  (Volume  XYII,  part  4).     They  give  fresh  v 

^'    iSr?^    ^^^'       illnstration  of  Mr.  Blanford's  remarks  regarding  the  great 

variability  of  the  cretaceous  and  eocene  deposits  of  that . 
region.    As  regards  the  newer  formations  two  unexpected  points  are  noteworthy* 
The  object  of  Mr.  Blanf ord's  last  exploration  on  that  frontier  had  been  to  connect : 
the  tertiary  series  of  Sind,  which  he  had  so  carefully  worked  out,  with  the  tertiary 
series  of  the  Sub- Himalayan  region  ;  and  although  an  actual  tie  with  previous 
work  to  the  north  was  not  effected^  it  was  thought,  as  stated  in  my  last  annual 
report  (YoL  XYII»  page  7)  that  the  main  object  had  been  attained,  for  in  the 
northern  part  of    his  ground,   on  the  flanks  of  the   Sulem&n,  Mr.  Blanford 
found  established  a  section  that  fairly  represented  that  known  to  the  norths ' 
the  marine  eocenes  surmounted  by  the  neogene  Nan  and  Siwalik  groups,  believed 
to  be  fresh-water  deposits,  and  all  in  apparent  conformable  sequence,,  the  two 
marine  groups,  lower  Nan  and  Gaj  of  Sind,  having  disappeared  (Memoirs  XK, 
page  159,  et  seq,).    This  conclusion  is  however  apparently  upset  by  Mr.  Gries^ 
bach's  observations  in  the  intervening  ground  to  the  north :  a  sandstone  full  of 
marine  fossils  is  confidently  identified  (Z.  c,  page  189)  with  Mr.  Blanf ord's  upper . 
Nari  sandstone,  and  the  upper  tertiaries  are  only  represented  by  the  Siwalik 
conglomerates  resting  iu  total  unconformity  on  the  lower  tertiary  marine  beds. 
It  is  very  unsatisfactory  that  Mr.  Griesbach  does  not  himself  notice  these  discre.. 
pancies,  as  is  usual  in  such  cases  to  give  some  sign  that  he  was  aware  of  their 
importance ;  he  had  a  proof  copy  of  Mr.  Blanford's  report  with  him  in  the  field. 

Some  ores,  especially  a  chromite,  received  from  the  Andamans,  and  the 

accounts  sent  with  them,  made  it  desirable  to  have  a  pro- 
v-^^rf*" '  fessional  opinion  upon  the  deposits.  Mr.  Mallet  was  deput- 

ed for  this  purpose,  and  the  result  of  his  examination  is 
published  in  the  Records  (XYl  1,  part  2).  The  block  from  which  the  specimen 
of  chromite  had  been  taken  could  not  be  traced  to  any  mass  in  situ;  and  as  this 
mineral  in  minute  crystalline  grains  was  found  disseminated  in  the  serpentinous 
rock  of  the  neighbourhood,  it  may  be  presumed  that  the  large  block  was  only  a 
local  segregation.  An  opportunity  occurred  for  Mr.  Mallet  to  visit  Barren  Island 
and  Narcondam.  His  account  of  these  interesting  volcanic  sites  is  now  ready  for 
press. 

Early  in  the  season  Mr.  LaTouche  accompanied  the  expedition  into  the  Aka 
AxA  Hills  awd  Lijr-     Hills,  north  of  Tezpur,  in  Assam.     The  dense  vegetation 

OBIN  CoAL-riBLD.    .      prevented  any  observation  of  the  rocks  except  in  the  stream  . 
Mr.  LaTouehe.  courses.      The    section  was  found    to  correspond  with 

that  observed  in  the  Daphla  Hills  to  the  east  by  Colonel  Godwin^usten,  and  . 
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as  desoribed  by  Mr.  If  aDet  in  the  Bhtitdn  Duirs  to  the  west.  Inside  the  ter- 
iiaiy  zone  there  is  a  belt  of  carboniferous  Damuda  strata,  bordering  the 
schistose  rocks  of  the  higherhills.  Here,  too,  thecoal  is  so  crushed  as  to  be  unser- 
viceable. There  ims  some  liitle  delay  in  the  preparation  of  a  map ;  it  will  be 
pnUished  shortly  with  l^r.  LaTonohe's  notes.  Later  in  the  season  Mr.  La- 
Tonche  examined  the  Langrin  coal-'field  on  the  sonth-west  edge  of  the  Garo 
Hill8«  £[is  report  with  a  map  is  published  in  the  Beoords  (XYII,  part  3).  This 
field  offers  an  abundant  supply  of  yery  ^r  coal  easily  accessible  on  the  yery 
borders  of  the  plain  of  8ylhet. 

A  yery  instmctiye  discussion  of  geologies]  homotazis  is  given  by  Mr.  W.  T. 
Tbs  hoxotaxib  or  Blanford  in  his  address  as  President  to  the  G^logical 
IimiAv  roBMATioBs ;  Section  of  the  British  Association  in  its  last  meeting  at 
Jfr.  W.  T.  Blmtfbrd.  Montreal.  It  is  mainly  illustrated  from  Indian  geology, 
and  is  so  important  a  contribution  to  this  subject  that  it  has  been  reprinted  in 
'the  current  number  of  the  Records.  Numerous  instances  are  given  of  the  dis- 
crepancies that  occur  in  the  correlations  of  rooks  as  based  upon  their  terrestrial 
&una  and  ^cfOk,  or  upon  a  marine  fauna,  the  latter  giving  much  more  comparable 
results.  The  former  of  course  maintain  all  their  special  interest,  but  it  is  very 
necessary  to  know  upon  which  kind  of  evidence  the  correlation  of  any  siarata  had 
•been  based.  Mr.  Blanford  would  somewhat  modify  the  significance  of  the  term 
Jiomotazis  as  introduced  by  Professor  Huxley  in  1862.  That  was,  to  give 
expression  to  the  following  statement : — "  For  anything  that  geology  or  palasonto- 
logy  is  able  to  show  to  the  contrary,  a  Devoniaa  fauna  and  flora  in  the  British 
Islands  may  have  been  contemporaneous  with  Silurian  life  in  North  America,  and 
with  a  Carboniferous  fauna  and  flora  in  Africa.'''  These  terms  of  course  includ- 
ed the  marine  fauna ;  but  while  granting  such  conditions  to  be  possible  for  a 
terrestrial  fauna  or  flora,  Mr.  Blanford  considers  that  the  marine  &nna  would 
giye  a  much  nearer  approximation  to  synchrony.  He  says ; — "  It  appears  to  me 
that  at  the  present  day  the  difference  between  the  land  faunas  of  different  parts 
of  the  world  is  so  vastly  g^reater  than  that  between  marine  faunas  that  if  both 
were  fossilised,  whilst  there  would  be  but  little  difficulty  in  recognising  different 
marine  deposits  as  of  Uke  age  from  their  oiganic  remains,  terrestrial  and  fresh, 
water  beds  would  in  all  probability  be  ref eired  to  widely  differing  epochs,  and  that 
some  would  be  more  probably  classed  with  those  of  a  past  period  than  with 
others  of  the  present  time." 

The  same  subject  of  homotaxis  is  discussed  by  Mr.  Oldham  in  the  Journal  of 

the  Asiatic  Society  of  Bengal  for  1884  (Part  II,  p.  187). 
He  illustrates  from  our  Indian  paleeontological  researches 
die  highly  discrepant  results  of  correlations  in  time  from  fossil  evidence,  specially 
the  palsBobotanical,  and  the  insuperable  failure  of  any  approach  to  determination 
of  synchrony  among  distant  formations.  This  is  introductory  to  an  attempt 
to  establish  synchronous  relations  of  distant  formations  through  the  evidence  of 
periods  of  gladation,  the  ground  chosen  being  the  same,  as  containing  well- 
known  boulder  deposits,  the  Talchirs  of  India,  the  Hawksbury  beds  of  Australia, 

>  Quur.  Jour.*  Qcol.  Soc^  Vol  X VUI.  p.  mXyU 
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and  the  TSatoo  bonlder  bed  of  Soath  Africa.  Snch  a  diBtribation  of  presumably 
Bjnchroiioiifl  glaciation,  Mr.  Oldbam  suggests, ''  points  towards  the  oonclasion  that 
in  early  secondary  times  the  cmst  of  the  earth  did  not  oconpy  the  same  position 
with  respect  to  the  axis  of  rotation  as  it  does  now."  The  contention  is  well 
supported  by  arguments  needed  to  account  for  the  distribution  of  the  cognate 
terrestrial  fossil  &una  and  flora  of  the  regions  in  question.  Some  years  ago  a 
suggestion  was  made  to  use  the  last  glacial  period  as  a  geological  chronometer  to 
fix  the  age  of  the  Indian  post-tertiaiy  deposits ;  and  then  too  the  proposal  was 
elicited  by  a  flagrant  abuse  of  the  homotaxis  method  of  correlationi  losing  sight 
of  the  actual  in  the  rektive  (jsupra^  Vol.  YII,  p.  97,  note). 

P«62tca^u>n«.^Two  Memoirs  were  published  during  the  year— Mr.  Bose's  on 
the  Lower  Narbada  Valley  between  Nimiwar  and  E4want,  and  Mr.  Fedden's 
on  KAthi&wAr,  each  with  a  map  of  the  countiy  described.  They  form  parts 
1  and  2  of  Volume  XXI.  The  work  was  contemporaneously  noticed  in  previous 
annual  reports,  and  some  general  remarks  on  both  will  be  found  in  the  pre&oe  to 
the  part  2,  part  I  having  been  fully  printed  off  before  I  returned  from  leave. 

The  Records  for  the  year  contain  numerous  articles  of  interest^  several  of 
which  have  been  referred  to  above. 

In  the  Paleeontologia  Indica,  five  parts  of  series  X,  the  Indian  Tertiary  and 
Post-Tertiary  Vertebrata,  by  Mr.  Lydekker,  were  published  during  the  year. 
They  form  a  very  worthy  addition  to  this  most  valuable  part  of  our  publications. 
For  the  general  advancement  of  geological  science,  paleaontological  researches  are 
certainly  the  most  interesting  and  important,  and  at  present  they  are  inade- 
quately provided  for  in  the  allotment  of  our  resources.  It  would  be  impossible 
for  one  palaaontologist  to  overtake  all  the  work  on  our  undescribed  collections  of 
fossils,  even  if  one  man  could  do  justice  to  so  wide  a  range  of  studies,  I  hope  to 
be  able  to  effect  a  temporary  diversion  of  some  funds  to  bring  up  arrears  of  work 
in  this  branch  of  our  business. 

In  continuation  of  his  work  on  the  fossils  of  the  Salt-Range,  Dr.  Waagen  fur- 
nished  last  year  two  parts  (Nos.  3  and  4)  of  the  Brachiopoda  of  the  Productus- 
Limestone.  They  exhibit  the  same  exhaustive  study  as  heretofore.  To  the 
superficial  criticism  of  some  naturalists,  Dr.  Waagen  might  seem  to  lay  himself 
open  on  the  score  of  minute  specific  distinctions,  but  he  abundantly  justifies  his 
method  on  biological  and  palasontological  grounds.  No  doubt,  as  he  says  himself 
more  abundant  material  may  lead  to  the  modification  of  his  grouping,  but  there 
is  a  strong  presumption  that  the  principle  will  hold  good.  However  one  might  be 
satisfied  for  purely  biological  results  to  exhibit  the  links  of  variation  in  a  few  de- 
velopmental sequences  of  species  and  genera,  geological  history  will  require  the 
process  to  be  applied  throughout.  Dr.  Waagen  gives  numerous  instances  in  which 
those  slightly  distinguiBhable  forms  are  characteristic  of  different  stratigraphical 
horizons.  His  final  discussion  of  the  fauna  of  the  Productus-Limestone  should 
form  an  interesting  chapter  on  the  vexed  question  of  homotaxis. 

A  large  fasciculus  of  Series  XIV,  with  eighteen  admirably-executed  plates,  was 
issued  early  in  the  year.  For  this  series,  descriptive  of  the  tertiary  and  upper- 
cretaceous  fossils  of  Sind,  taken  up  four  years  ago,  we  are  so  far  indebted  to  the 
generous  labours  of  Professor  Martin  Duncan,  latterly  aided  by  Mr.  Percy  Sladen. 
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It  is  the  beginnixig  of  what  must  one  day  beoome  the  most  extensiTe  part  of  the 
Pa}8Bontologia»  that  dealing  with  the  tertiary  marine  fauna,  and  the  most  interest- 
ing as  more  fully  bearing  upon  the  living  fauna  of  the  Indian -seas.  . 

Museum, — As  speoified  in  the  Becords  for  May,  several  contributions  of  ores, 
rocks,  and  other  geological  specimens  were  obtained  from  the  International  Exhi« 
bition  held  in  Calcutta  early  in  this  year.  The  principal  presentations  were  from 
the  Minister  for  Minqs,  New  South  Wales ;  the  Minister  for  Mines,  Victoria;  and 
the  Tasmanian  Commissioner.  Some  of  these  were  in  return  for  Indian  geo- 
logical specimens  previously  sent  to  Australian  Maseums  by  the  Survey,  and  for 
the  rest  a  proper  return  was  made  on  the  occasion. 

Library. — The  additions  to  the  librazy  were  1,608  volumes  or  parts  of  volumes, 
742  by  purchase  and  866  by  donation  or  exchange.  The  printing  of  the  Cata- 
logue was  just  completed  within  the  year,  for  which  accomplishment  I  have 
again  to  express  obligation  to  the  conscientious  industry  of  our  librarian,  Mr. 
W.  B.  Bion,  for  thoroughly  checking  the  entries  and  correcting  the  proofs. 
Excepting  books  received  after  passing  the  sheets  of  the  Catalogue  for  press,  the 
following  figures  represent  a  rough  inventory  of  our  library  at  this  date :  total 
volumes,  13,205 ;  of  which  9,236  come  under  the  heading  of  Serials,  including  the 
publications  of  Societies,  as  well  as  Magasines  and  official  reports ;  of  the  re- 
maining 3,969,  1,015  are  marked  in  the  Catalogue  as  pamphlets. 

Personnel, — Dr.  Feistmantel  was  absent  throughout  the  year*  Mr.  Hacket 
retamed  from  furlough  on  the  18th  of  November  and  resumed  his  field  work  in 
B&jput&na.  Mr.  Medlicott  was  absent  on  special  leave  for  six  months,  during 
which  time  Dr.  King  acted  as  Superintendent  of  the  Survey.  Mr.  Mallet  took 
six  months'  furlough  from  May  to  October,  during  which  time  Mr.  Fedden 
officiated  as  Curator  of  the  Museum. 

H.  B.  MEDLICOTT, 

Buperiniendentf  Oeological  Survey  of  India. 
Calcutta,  ^ 

The  20th  January  1885.  J 


LUt  of  Sooietiee  and  other  In$Htution$  from  which  Pvblieaiions  have  been  received 
in  donation  or  exchange^  for  the  JAbrary  of  the  Oeological  Burv^  of  India, 
during  the  year  1884. 

Amstibdam. — ^Netherlands  Colonial  Department. 
Basil. — Natural  History  Society. 
Batavu. — Batavian  Sociei^  of  Arts  and  Sciences. 

„  Director  of  Instruction. 

BiBLDT. — German  Geological  Society. 

„  Boyal  Prussian  Academy  of  Science. 

Bologna. — ^Academy  of  Sciences. 
Bombay. — Bombay  Branch,  Royal  Asiatic  Society. 
Boston. — American  Academy  of  Arts  and  Sciences. 
„         Society  of  Natural  History. 
Brisbani.-— Royal  Society  of  Queensland. 
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Bristol.—- Bristol  Mnsenm. 

„  Bristol  Nataralists'  Societj, 

Brussels. — Geological  Society  of  Belgium, 

„  Boyal  Qeograplucal  Society  of  Belginm. 

„  Boyal  Malacological  Society. 

„  Boyal  Natural  History  Museum  of  Belgium. 

BuDAPgST. — Boyal  Geological  Institute,  Hungary, 
BuiNOS  AiRBS.— National  Academy  of  Sciences. 
Buffalo.— Society  of  Natural  Sciences. 
Calcutta. — Agrricultural  and  Horticultural  Society, 
y,  Asiatic  Society  of  Bengal. 

„  Meteorological  Department^  Government  of  India. 

„  Survey  of  India. 

Cambridob. — Pliilosophical  Society. 
Cambridois,  MASS.^-Museum  of  Comparative  Zoology. 
Cassbl.— Society  of  Natural  History. 
Christiania.— Editorial  Committee,  Norwegian  North  Atlantic  Expedi- 
tion. 
„  Norwegisclie  Comm.  der  Europaischen  Gradmessung. 

„  Boyal  University  of  Norway. 

Copenhagen. — Boyal  Danish  Academy. 
Dehra  Dun.— Great  Trigonometrical  Survey  of  India. 

Dresden. — Isis  Society. 
Edinburgh. — Boyal  Scottish  Society  of  Arts, 
Glasgow.— Geological  Society. 
„  Glasgow  University, 

„  Philosophical  Society. 

Gottingen. — Boyal  Society. 

Halle. — Leopoldino  Academy. 
„        Natural  History  Society. 
Hobart  Town. — Boyal  Society  of  Tasmania. 
KoNiGSBURG. — Physikalisch-Okonomische  Gesellschaft. 
Lausanne. — Yaudois  Society  of  Natural  Science. 
Liverpool. — Geological  Society. 

„  Literary  and  Philosophical  Society, 

London. — Geological  Society. 

Iron  and  Steel  Institute. 
Journal  of  Science. 
Linnean  Society. 

Boyal  Asiatic  Society  of  Great  Britain  and  Ireland. 
Boyal  Geographical  Society. 
Boyal  Institute  of  Great  Britain. 
Boyal  Society. 
Society  of  Arts. 
Zoological  Society. 
Madison.— Superintendent,  Public  Property. 
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MiDBAS. — Meteorological  Department. 
Madrid. — Geographical  Society. 
MAK0HE8TiR.-~Geological  Society. 

„  Literary  and  Philosopliical  Society. 

MsLBOUBHi. — Department  of  Mines  and  Water  Supply.  Victoria. 

(Geological  Survey  of  Victoria. 
.  Royal  Society  of  Victoria. 
MiLAK.— Italian  Society  of  Natural  Science. 
MoNTBiAL.— Geological  and  Natural  History  Survey  of  Canada. 
,,  Boyal  Society  of  Canada. 

Moscow.— Imperial  Society  of  Naturalists. 
MuKiCH.— -Boyal  Bavarian  Academy. 
Niwca8TLB-on-Tth£. — North  of  England  Institute  of  Mining  and  Mechanical 

Engineers. 
.  Niw  JBLavek.— American  Journal  of  Science. 
Paris. — Geological  Society  of  France. 
,»         Mining  Department. 
Penzance.— Boyal  Geological  Society  of  Cornwall. 
PBRTH.-^Gommissioner  of  Crown  Lands. 
Philadelphia.— -Academy  of  Natural  Sciences, 
yy  American  Philosophical  Society. 

,,  Franklin  Institute. 

Pisa. — Society  of  Natural  Sciences,  Tuscany. 
Bomb. — Camera  dei  Deputati. 
„        B.  Accademia  dei  Lincei. 
„        Boyal  G^logical  Commission  of  Italy. 
BooRKBB. — Thomason  College  of  Civil  Engineering. 
Sacramento. — California  State  Mining  Bureau. 
St.  Petbrsburo. — Geological  Commission  of  the  Bnssian  Empire. 
„  Imperial  Academy  of  Sciences. 

Salbm,  Mass.- American  Association  for  the  Advancement  of  Science. 
„  Essex  Institute. 

San  Francisco.— California  Academy  of  Sciences. 

Shanghai. — North  China  Branch,  Boyal  Asiatic  Society. 
SiNOAPORE. — Straits  Branch,  Boyal  Asiatic  Society. 
Springfield. — Geological  Survey  of  Illinois. 

„  Illinois  State  Museum  of  Natural  History. 

Stockholm. — Geological  Survey  of  Sweden. 
Strasburg. — Boyal  University  Library. 
Stdnet. — Australian  Museum. 

Department  of  Mines,  New  South  Wales. 
Boyal  Society  of  New  South  Wales. 
ToKio. — Seismological  Society  of  Japan. 
Toronto. — Canadian  Institute. 

Turin. — ^Boyal  Academy  of  Sciences. 
Yenigb.— Boyal  Institute  of  Science. 
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YiBimA. — ^Imperial  Aoademy  of  Soienoos. 
„  Imperial  Geological  Institute. 

Wasbikoton. — Philosophical  Society. 
„  Smithsonian  In<«titiite. 

n  United  States  Geological  Surrey. 

Wbllinoton. — Golonian  Mnsenm. 

»,  Geological  Survey  of  Neir  Zealand. 

„  New  Zealand  Institute. 

Yokohama*— Asiatic  Society  of  J^mn. 
y,  German  Naturalists'  Society. 

York. — ^Yorkshire  Philosophical  Society. 
The  Secretary  of  State  for  India. 

The  Goyemmente  of  Bengal,  Bombayi  Madras,  North-Westem  Provinoea  and 
Oudh,  and  the  Punjab. 

Chief  Commissioners  of  Assam,  British  Burma,  and  C^itral  Proyinces. 
The  Commissioner  of  Nprthern  India  Salt  RcTenue. 
The  Resident  at  Hyderabad. 
The  Comptroller  of  Indian  Treasuries. 
The  Superintendent  of  Government  Printing,  India. 
The  Superintendent  of  the  Gk>vemment  Ceotral  Museum,.  Madras. 
Departments  of  Finance  and  Commerce,  Foreign,  Home,  and  Revenue  and 
Agriculture. 


Notes  on  the  Country  between  the  Singareni  Coal-Afield  and  the  Kistna  River  hy 
R.  Bruce  Footb,  F.G.S.,  Depidy  Superintendent^  Oeological  Survey  of  Jmiio. 
(With  a  map)* 

The  immediate  opening  up  of  the  Singareni  coal-field  having  been  under  consi- 
deration by  the  Government  of  India,  I  was  deputed  to  examine  the  unsurveyed 
country  in  the  yalley  of  the  Munieru  (Moonyair)  river  in  the  hope  of  finding 
further  outliers  of  the  Barakar  rocks,  the  Indian  carboniferous  series,  between 
the  Singareni  coal-field  and  Bezwada,  as  the  existence  of  other  coal-fields  miffhi 
grreatly  influence  the  selection  of  the  line  of  country  to  be  traversed  by  the  railway 
to  connect  the  Singareni  coal-field  with  Bezwada,  the  central  point  in  the  great 
canal  system  connecting  the  whole  of  the  Godavari  and  Kistna  deltas  with 
Madras,  and  the  terminus  of  the  new  Bellary-Kistna  State  Railway. 

The  limits  of  the  previously  unsurveyed  tract  which  I  examined  in  carrying  out 

this  duty  are,  to  the  south  the  Kistna  river;  to  the  west 
M^*rtid  oi'  ****  ^^'     *^®  boundary  of  the  Kadapa  rocks,  and  further  north  the 

left  bank  of  the  Munidru;  to  the  east  a  line  coinciding  with 
the  eastern  edge  of  Atlas-sheet  75 ;  to  the  north  a  line  running  from  the  Munidm 
eastward  to  the  edge  of  sheet  75  a  little  to  the  southward  of  Khammamett.  To 
the  north  of  this  line  lies  a  considerable  tract  extending  up  to  the  Singareni  coal- 
field  which  had  been  partly  examined  by  Mr.  Eling  and  of  which  I  completed 
the  survey. 
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The  geological  f  ormatioiis  met  within  the  area  thna  defined  belong  to  the 

following  four  divieions  : — I.  TheQneissic  rocks;  IT.   The 
^^g|ical  fonnatiom     j^^^p^  ^^  TrcmeitUm  rocks;    III.     The  Biver  Alluvia; 

IVk  Subaerial  Formationi  and  SoUe, 

L — The  Oneissic  ttocks. 

Am  wiU  be  seen  from  the  map,  the  gneissic  rooks  of  the  Mnni^m  (Moonyair) 

Talley  are  extensions  of  the  great  granitoid  and  schistose 

gnSST^idS.    "^    *^*     ^^^  ^^^  '^^^^  ^^  *^®  Kistna  river  and  shown  in  the 

little  sketch  map  given  in  mj  memoir  on  the  geological 

stractore  of  the  eastern  coast.^ 

The  gneiss  rocks  of  the  Eistna  district  show  two  great  bands  of  granitoid 
rock  divided  in  the  southern  part  of  the  area  by  a  much  narrower  band  of 
schistose  beds.  In  the  northern  part  of  the  area,  however,  the  schistose  beds 
extend  considerably  to  the  eastward  whereby  the  eastern  granitoid  band  is  in- 
termpted  and  apparently  overlaid  by  this  eastward  extension  of  the  schists* 
Whether  this  overlapping  of  the  schistose  beds  over  the  graautoid  really  takes 
place  or  not,  has  not  as  yet  been  proved,  but  as  it  is  believed  on  fair  grounds  to 
take  place  in  the  southern  parts  of  these  great  bands  in  the  Nellore  district,  it 
may  for  the  present  be  assumed  also  to  take  place  in  the  Muni^ru  valley,  and 
the  separate  patches  of  granitoid  gneiss  lying  to  the  northward  of  the  continuous 
band  may  pro,  iem,  be  treated  as  inliers  in  the  schistose  area.  The  two  grani- 
toid bands  and  the  intermediate  schistose  band  have  to  the  south  of  the  Kistna 
a  general  strike  from  south-west-by-south  to  north^^east-by-north,  which  continues 
till  they  cross  that  river  and  then  commences  to  trend  to  due  north  and  then  to 
north-north-west.  In  the  neighbourhood  of  the  Singareni  coal-field  the  strike 
becomes  less  constant  for  a  distance  of  4  or  5  miles,  but  then  trends  north.5°-eaat 
and  continues  so  till  the  edge  of  the  overlying  Kadapa  and  Gondwana  rocks. 

The    eastern    of   the    two    granitoid   bands  forms    the  mass  of  the   very 

picturesque  Kondapalli  (Gondapilly)  hills,  as  also  the 
^e    eut     grtnitoid     ^^^  ^^^^  stretching  from  the  foot  of   the  hills  past 

Juzzur  (Joodjoor)  westward  nearly  to  the  east  bank  of  the 

Wyra  river.    To  the  northward  the  granitoid  rocks  extend  under  the  aUuvium 

of  the  Gumplagudum  stream  (the    principal  tributary  of  the  Wyra)  and  run 

north  and  north-west-by-north  for  another  9  or  10  miles,  when  it  is  cut  off  fay  the 

Gfllk  ndi  Iniw  ®*®*  extension  (?  overlapping)  of    the    schistose  rocks 

above  referred  to.  Ilorth  of  this  spread  of  schistose  rock, 
at  a  distance  of  between  4  and  5  miles,  lies  the  first  of  the  inliers  also 
referred  to  above.  It  is  of  elongated  elliptical  form  (in  plan),  and  extends 
some  12  or  14  miles  to  the  north-west-by-north  with  a  maximum  breadth  of 
5  miles  in  its  southern  half.  The  apioes  of  the  ellipse  are  rather  pointed. 
By  far  the  greater  part  of  its  area  lies  on  the  western  side  of  the  Wyra  river. 
For  convenience  of  reference  it  may  be  called  the   Gollapudi  inlier  from  the 

>  Oti  the   GeoIogicAl  Stmeture  of  tbe    Eutem   Coast    from  Utitode  1^  northward    to 
MwnHiiatom,  by  K.  Bntea  Foote,  V.GJSr&c    MmuoIn,  QeolosiaU  Sunrey  ef  Iiulia,  Vol.  XVI, 

laao. 
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prinoipal  yillage  lying  near  its  centre.    The  northern  inlier  which  lies  4  miles 
_     . ,  ..  north  of  the  GoUapndi  inlier  is   in  plan  a  very  broad 

oval  about  4  miles  long  bj  3  in  maximum  width, 
bnt  its  boundaries  are  much  hidden  by  jnngle.  It  may  be  conyeniently  called 
the  Ghintakarti  inlier  from  the  village  of  Chintakorti  (Chintakoor  of  map)  which 
stands  a  good  mile  to  west  of  the  position  giyen  to  it  in  sheet  75. 

Except  close  to  the  Kondapalli  range  of  hills,  this  band  of   granite  gneiss 

has  been  planed  down  by  erosiye  forces  to  a  very  level 
RpSitoid  Un^.*  ***^*"     surface,  relieved  in  but  very  few  places  by  low  hills  and 

a  few  grreat  piles  of  tors  and  rounded  masses.  Of  the 
hills,  the  Juszur  (Trig.  Station)  hili  and  the  Kondakedimay  (Trig.  Station)  on 
the  eastern  side  of  the  southern  inlier,  and  a  low  but  bold  rocky  ridge  on  the 
western  side  of  the  inlier,  a  little  to  the  north-east  of  the  village  of  Nangielaj- 
gondah,  are  all  that  need  be  noted. 

A  large  low  ellipsoidal  ''  whaleback "  exposure  of  the  granite  gneiss  oocnrs 
on  the  high  ground  north-east  of  OoUannapad  (nearly  in  the  centre  of  the 
southern  inlier)  and  is,  from  its  position  and  light  colour,  a  veiy  conspicuous 
object. 

A  rocky  pile  surmounted  by  an  enormous  tor  forms  a  very  striking  object  at 
the  north-east  extremity  of  the  great  tank  east  of  Maddir6  (Muddera). 

The  western  granite  gneiss  band    may    be   conveniently   designated    the 
The  western  or  Nan-     Nandig^ama   (Nundyganah)-Khammamett  band  from  the 
digama      Khemmamett     two  principal  towns  which  stand  upon  it.     It  crosses  the 
grunitoid  band.  Muni^ru   (Moonyair)  valley   near  Pennagranchiprol,    10 

miles  north-by- west  of  Nandigama  (but  that  part  of  its  course  was  not  exam- 
ined). Its  southern  part  is  bounded  by  the  overlying  quartzite  beds  at  the 
base  of  the  Kadapa  rocks  of  the  Jaggayapetta  (Batavole)  biasin,  but  further 
north  it  shows  a  considerable  westerly  extension ;  it  was  only  examined  along 
the  east  side  of  the  Muni^ru  valley.  Its  eastern  boundary  for  a  distance  of 
more  than  25  miles  is  f ormbd  by  a  narrow  strip  of  Kadapa  rocks  which  are 
faulted  to  the  eastward  against  the  median  band  of  schistose  gneiss  before 
referred  to. 

The  southern  part  of  this  band  of  granitoid  gneiss  forms  a  low  rolling 

plain,  the  surface  of  which  is  almost  everywhere  marked 

Wexns  of  trapdykee     |,y  ^  ^j^^j^  layer  of  cotton  soil,   but  in  the  central  and 
at  Khammamett.  ^  j  ' 

northern  parts  the  surface  becomes  much  more  broken 

and  the  extensive  spreads  of  regur  have  been  replaced  by  the  gritty  reddish 

loam  derived  directly  from  the  decomposition  of  the  rocks  below.     Protrusions 

of  rock  over  the  surface  are  seen  on  every  hand,  and  much  of  the  country  can 

Only  be  described  as  rugged.    Besides  the  protrusions  of    the  granite  gneiss 

there  are  many  long-stretched  low  ridges  of  barren  rock  formed  by  trap  dykes 

which  around  the  town  of  Khammamett  form  a  perfect  net- work  that  would 

offer  no  small  obstacle  to  the  construction  of  a  railway.    Northward  of  Elham- 

mamett  the  surface  of  the  granite  gneiss  band  becomes  less  rugged.    To  some 

extent  this  may  only  be  apparent,  for  the  countiy  here  is  much  less  bare  of  wood 

than  to  the  south. 
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Althoiigli  the  snrfaoe  of  tbia  granite  gneiss  band  is  mncli  more  broken  and 

rugged  in  tbe  northern  Kbammamett  half  than  in  the 
^8T«^     ^    tt»«     southern  ball  or  tban  in  any  part  of  tbe  Jnzznr  band,  very 

few  of  tbe  eminences  on  it  rise  bigb  enough  to  deserve 
tbe  name  of  bills.  In  tbe  southern  part  there  is  but  one  bill,  tbe  Cuddabode 
Trigonometrical  Station,  on  the  very  edge  of  tbe  Kadapa  basin  9  miles  nortb-west- 
by-west  of  Nandigama.  The  Cuddabode  is  about  200  feet  high,  and  shows  a  yeiy 
fine  mass  of  great  rocks  around  its  summit. 

A  low  bill  consisting  of  great  tor.like  masses  piled  one  oyer  the  other  occurs  at 
Husbti  Euntla  (Mooshty  Koontta)  on  tbe  high  road  (as  shown  on  the  map) 
leading  from  Maddir^  (Muddeera)  to  Kbammamett.  Another  low  hill  of  yery 
typical  rounded  shape  forms  the  Sitarampett  Trigonometrical  Station  bill  4  miles 
to  tbe  north-west-by-weat.  Various  low  but  yeiy  typical  granite  gneiss  bills  run 
along  tbe  western  side  of  tbe  Munidm  valley,  but  these  did  not  come  within 
the  range  of  my  survey.  Tbe  highest  and  most  conspicuous  lull  in  tbe  granite 
gneiss  band  is  that  on  which  Kbammamett  fort  has  been  built.  I  estimate  it  at 
about  300  feet  high  above  the  surrounding  country  over  which  it  commands  a 
very  extensive  panorama.  A  rather  lower  hill,  showing  some  good  tors  on  its 
summit,  lies  about  a  mile  north  of  the  fort. 

A  small  rocky  ridge  consisting  of  a  very  uncommon  variety  of  horn- 
blende-micaceous rock  is  to  be  seen  at  tbe  north-eastern  comer  of  the  g^reat 
tank  north  of  Jastipalli  (Jausteepully)  14  miles  nortb-east-by-north  of  Kbam- 
mamett. 

As  far  as  my  observation  went,  the  predominant  character  of  the  granitoid 

rocks  is  homblendic  ;  micaceous  varieties  however  do  occur 

tlMnimitoid^irn«UM^         ^®^  *°^  there,  and  in  some  cases  both  hornblende  and 

mica  occur  together  in  tbe  same  mass.  Epidote  in  tbe 
form  of  pistacite,  is  a  frequent  constituent  of  tbe  granitoid  rocks,  e.g.^  in  the 
JuKzur  Trigonometrical  Station  bill  where  it  forms  a  very  handsome  rock  of 
dark  greenish-black  colour  relieved  by  light  pinkish  spots  and  streaks  due  to 
tbe  quartz  and  felspar.  A  very  handsome  salmon-coloured  and  black  variety  is 
seen  in  some  large  tor-like  masses  which  form  a  little  inlier  within  tbe  area  of 
the  Kistna  alluvium  about  a  mile  east  of  the  Elancbakacberla  travellers*  bangalow 
on  the  Bezwada-Hyderabad  bigb  road. 

Much  pistacitic  granite  gneiss  occurs  at  Musbti  Kuntla  (Mooshty  Koontta)  14 
miles  south-south-east  of  Kbammamett,  also  in  the  bed  of  the  Muniiru  at  tbe 
ford  on  tbe  road  to  Warangal.  This  is  a  beautiful  pale-green  and  pink  variety, 
which  has  in  places  been  much  polished  by  the  river  current,  and  shows  its  capa^ 
bOity  for  furnishing  a  splendid  ornamental  stone. 

Tbe  general  colour  of  the  rock  in  tbe  western  band  is  greyish  and  its  texture 
mostly  veiy  coarse. 

Included  boulder-like  masses  of  older  homblendic  rock  are  common  in  places. 

Yeiy  few  quarries  are  to  be  found,  and  as  the  great  rounded  weather-beaten 
masses  are  frequently  impracticable  to  an  ordinary  geological  hammer,  much  less 
information  as  to  tbe  composition  of  tbe  rocks  could  be  collected  en  pcueant  than 
in  more  civilised  regions  where  quarries  are  numerous. 
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.  Noteworthy  varieties  of  the  gnmitoid  roekB  in  the  two  inlien  are  maasive 
hornblende  rocks  often  of  highly  trappoid  aspect,  but  not  occnrring  as  dykes* 
nor  as  far  as  could  be  seen  as  intrusive  masses.  These  cover  considerable  areas 
in  the  two  inliers ;  indeed^  they  seem  to  constitute  the  mass  of  the  Chintakurti 
inlier.  In  the  Oollapudi  inlier  they  occur  around  Ehau^apnram  (on  the  Wyra) 
and  westward  nearly  as  far  as  Qollapudi, 

The  median  band  of  schistose  rocks  lies  in  its  southern  portion  chiefly  on 

the  left  (or  eastern)  bank  of  the  Munieru,  Northward 
ull    •^^*~*   fi^®*"     of  the  junction  of  the  Muniiru  with  the  Wyr%  the  schis- 

tose  band  is  confined  to  the  tract  between  the  two  rivers. 
Its  western  boundaiy  is  here  hidden  by  the  alluvium  of  the  Munieru  to  opposite 
Pennaganchiprol,  where  the  granite  gneiss  of  the  western  band  comes  in. 
Beyond  this  to  the  north  the  boundary  between  the  schistose  band  and  the 
western  granitoid  band  is  hidden  by  the  superposition  of  a  loog  narrow  strip 
of  Kadapa  rocks  which  runs  northward  for  more  than  25  miles.  To  the  north- 
ward of  this  outlier  of  Kadapa  rocks  the  two  bands  of  gneiss  must  be  in  ap- 
position, but  no  section  could  be  found  showing  their  actual  contact. 

No  eminence  deserving  of  the  name  of  hill  occurs  on  the  surface  of  the  schis- 

tose  gneiss  band  in  its  southern  part,  and  ve^y  few  in 
■cbUt^gndM h%xA^^     ^^  central  part.     In  the  latter  attention  may  be  drawn 

to  the  rocky  hill  7  miles  north-by-east  of  Maddir6  (Mud- 
deera),  which  rises  between  200  and  300  feet  above  the  plain ;  to  the  low  rocky  hill 
a  mile  east  of  Pengol  (edge  of  sheet  94)  which  will  be  described  further  on. 
Also  to  the  low  ridge  on  which  stands  the  Pedda  Gopatty  Trigonometrical  Station 
9  miles  south-east-by-east  of  Khammamett.  The  magnetic  iron  beds  forming 
this  ridge  will  be  described  further  on. 

The  schistose  gneiss  area  immediately  south  of  the  Singareni  coal-field,  which 
is  a  northerly  continuation  of  the  schistose  band  before*  described,  contains 
numerous  gneiss  hills  which  may  also  be  referred  to,  though  they  do  not  lie  within 
the  limits  of  the  unsurveyed  tract  mapped  by  me.  The  principal  hill  in  this 
quarter  is  the  Gobugarti  (Goboogoorty)  Trigonometrical  Station,  which  rises 
some  600  or  700  feet  above  the  surrounding  plains  and  forms  a  nucleus  whence 
radiate  some  five  or  six  lower  jungle-covered  ridges.  To  the  east  of  the  Gobugurti 
group  of  hills  is  the  Ballapett  (Bullapett)  Trigonometrical  Station  hill  and 
several  other  rocky  or  jungle-covered  gneiss  hills  not  shown  in  the  map.  South, 
west  of  the  Gobugurti  hill  is  a  small  detached  hill  marked  in  the  map  (sheet  75) 
as  "H.  Tree,"  while  to  the  north-west  of  the  extreme  spur  of  the  Gobu- 
gurti mass  lies  the  Irlapudi  Trigonometrical  Station  hill,  a  bold  mass  of  hom- 
blendic  gneiss  some  500  to  600  feet  high. 

The  other  hills  to  the  west  and  north  of  Gobugurti  hill  belong  to  the  transi- 
tion or  Kadapa  rock  system,  and  will  be  referred  to  when  dealing  with  those  rocka* 
The  more  general  variety  of  gneiss  met  with  in  this  median  band  is  a  hom- 

blendic  variety  which  is  frequently  intercalated  between 
^^toM^£id.  *     bands  of  micaceous  gneiss  of  varying  character.    Some  of 

them  are  very  highly  micaceous  and  almost  deserving  to 
be  ranked  as  mica  schists.     Richly  felspathic  forms  are  uncommon. 
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Massiye  beds  are  occasionally  met  with,  which  are  of  such  coarse  teztare  and 
so  obscurely  bedded  as  to  approximate  very  closely  to  typical  granite  gneiss.  As 
a  rule,  however,  the  most  massive  beds  in  the  schistose  bands  are  very  distinctly 
bedded,  no  matter  how  coarse  their  texture  m^y  be. 

The  beds  in  the  southern  parts  oE  the  schistose  band  offer  nothing  of  special 
interest,  and  exposures  of  the  rock  are  not  numerous,  nor  do  they  afPord  any 
good  sections,  the  face  of  the  country  being  mostly  much  obscured  by  great 

spreads  of  cotton  soil.    The  most  noteworthy  outcrops 

PeddaOora^'^  ™^®*  ^^  "'^^^  some  fairly  rich  beds   of  magnetic  iron 

which  form  a  couple  of  low  ridges,  on  the  south-western 
of  which  stands  the  Pedda  Gbpatti  Trigonometrical  Station  (9  miles  south-east 
of  Khanmiamett).  Unlike  the  magnetic  iron  beds  in  Nellore  and  Salem  and 
other  parts  of  the  south,  the  grains,  flakes,  and  crystals  of  magnetite  are  imbed- 
ded in  schistose  homblendic  instead  of  in  gpranular  quartzose  laminie,  with  inter- 
vening homblendic  laminie  of  veiy  scbistose  character. 

The  amount  of  magnetite  included  in  the  ferruginous  laminsB  is  sufficiently 
great  to  form  a  fairly  rich  ore,  but  I  did  not  notice  any  indications  of  the  ore 
havi2ig  been  mined  in  those  parts  of  the  beds  which  I  examined.  The  iron  beds 
stretch  away  a  considerable  distance  to  the  southward,  and  it  is  not  improbable 
that  they  are  connected  with  a  bed  of  similar  homblendic  magnetite  schist  which 
is  exposed  for  a  few  square  yards  on  a  small  red  knoll  lying  about  half  way 
between  Naugilaygondah  and  Prodatur-Agraharam  (Agrarum).  The  northward 
extensions  of  the  Pedda  Gopatti  iron  beds  are  lost  sight  of  a  very  little  distance 
beyond  the  north  end  of  the  ridges. 

If  the  infra-position  of  the  granitoid  gneiss  to  the  schistose  band  be  assumed 

-^.  -   ,      , .        to  be  true,  there  is  no  difficulty  in  understanding  its  rela* 

toM  gneiM  exteniion  to     ^'^^  ^  ^'^  tract  of  schistose  gneiss  already  referred  to, 

the      eastern    granitoid     which  lies  between,  and   to    the  east  of,   the  Maddire 

(Muddeera)  end  of  the  Juzzur  granitoid  band  and  its 
northerly  re-appearances,  the  OoUapudi  and  Ghintakurti  inliers.  The  schistose 
spread  in  that  case  is  simply  a  survival  (if  the  term  be  allowable  with  regard  to 
inanimate  objects  like  rocks)  of  part  of  the  overlying  schistose  series  which  hfis 
there  escaped  complete  erosion,  probably  because  it  lies  in  a  hollow.  If  the 
hypothesis  of  the  infra-position  of  the  granitoid  series  should  be  disproved  by 
subsequent  observations,  then  the  relative  positions  of  the  two  series  of  rocks  can 
only  be  explained  by  supposing  the  metamorphio  forces  to  have  acted  with  far 
greater  intensity  in  certain  tracts  than  in  other  adjoining  ones.  This  variation  in 
intensity  of  the  metamorphio  forces  may  have  been  largely  assisted  by  the  original 
differences  in  texture  and  mineral  composition  of  the  original  sedimentary 
deposits  acted  upon.  It  is  quite  conceivable,  indeed  very  probable,  that  coarse 
thick-bedded  gritty  sediments  would  assume  a  much  more  massive  structure  under 
the  influences  of  metamorphio  agencies  than  fine-grained  sandstones  or  shales 
which  would  retain  a  schistose  appearance.  The  presence  of  small  patches  of 
granitoid  gneiss  within  the  general  area  of  the  schistose  variety  may  very  likely 
be  safely  explained  by  assuming  them  to  have  been  local  deposits  oi  very  coarsa 
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textnre,  whicli  were  ezoeptionallj  afEecied  by  the  metamorpbio  changes  under- 
gone by  the  whole  mass  of  rocks. 

The  rocks  which  occur  in  the  eastern  extension  of  the  schistose  band  are 

chiefly  homblendio  and  micaceous  gneisses,  Tarying  from 
extension.^  e«tern      nearly  massive  to  highly  schistose  varieties.     None  of  any 

special  interest  were  noted. 

The  only  schistose  rocks  which  deserve  separate  notice  are  a  few  beds  of 
magnetic  iron  of  very  small  size  (from  6  inches  to  1^  feet  thick)  which  occur  on 
the  eastern  boundary  of  the  area  under  consideration,  between  the  villages  of 
Pengol  and  IJtur,  both  situated  in  an  outlying  portion  of  the  Nandigama 
Taluq  (Eistna  district).  They  are  but  little  exposed,  though  a  good  deal  of 
debris  derived  from  them  is  scattered  over  the  surface. 

Two  or  three  small  beds  of  similar  character  and  siae  occur  about  5  miles 
to  the  north.  The  ore  is  in  all  cases  of  fair  quality,  but  the  quantity  is  too  small 
to  give  the  beds  any  importance.     They  did  not  appear  to  have  been  ever  worked. 

To  the  schistose  series  I  reckon  from  their  position  some  beds  of  granular 

quartz  rock   of  procisely  the  same  character  as  thoBe 
Qrantilar  quartz  rockt.        /       .        .r  i    1.1    i  .:i  j  11      .    * 

f  omung  the  many  remarkable  bare  ndges  round  the  towns 

of  Madura  and  Tinnevelly.  These  beds  form  a  low  broad  rise  beginning  imme- 
diately north  of  the  large  village  of  Pengol  (see  page  16)  and  extending  for  2  or  3 
miles  north-north-east.  The  granular  quartz  rock  is  frequently  exposed,  but  only 
in  low  flat  sheets  in  which  the  bedding  is  badly  seen,  while  the  extensive  scrub 
jungle  covering  much  of  the  rise  helps  to  make  the  lie  of  the  beds  still  more  obscure. 
A  more  instructive  display  of  very  similar  granular  quartz  rock  occurs  a  little 

to  the  south-east  just  within  the  limits  of  the  country 

^  ^  '  shown  in  sheet  94.     Here  a  low  rocky  ridge  rises  out  of 

a  plain  covered  with  red  soil,  and  shows  the  bassett  edge  of  a  great  bed  run- 
ning south-south-west  to  north-north-east,  with  a  dip  of  40°  to  45°  east.  The 
quartz  is  (where  freshly  broken)  of  pale  pinkish-white  to  pale  reddish-brown 
colour  and  nearly  diaphanous.  It  includes  many  minute  and  a  few  large  brilliant 
spangles  of  reddish-groy  specular  iron.  Whero  weathered  the  surface  of  the 
quartz  rock  is  often  coverod  in  small  patches  with  reddish-brown  lateritic  films. 
A.  direct  connection  between  these  granular  quartz  beds  and  those  to  the  north- 
eastward of  Pengol  doubtless  exists,  but  want  of  time  did  not  allow  of  my 
tracing  it  out. 

Further  north  the  eastern  sproad  of  the  schistose  band  is  to  a  very  great 
extent  marked  by  great  spreads  of  cotton  soil,  and  the  few  outcrops,  chiefly  of 
homblendic  gneiss  that  are  met  with,  are  of  no  special  interest. 

After  crossing  the  road  leading  from  Khammamett  to  Kullur  the  country 

begins  to  g^t  hilly  and  broken  and  the  spreads  of  cotton 

^"^tt^KuU^^^^""     ®^^  disappear,  but  the  rocks  are  here  much  hidden  by 

jungle.     The  mass  of  hills  forming  and  surrounding  the 
Gobugurti   Trigonometrical  Station  consists  of  great  beds  of  homblendic  and 

micaceous  gneiss  in  frequent  alternation.     To  the  north- 
^^*      "^  ^  '        west  of  the  Irlapudy  Trigonometrical  Station  hill  a  large 
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bed  of  grej  orystalline  limestone  intercalated  among  beds  of  homblendic  gneiss 
which  have  a  local  strike  from  west-by-soutb  to  east-by-nortb  with  a  high 
sontherlj  dip.  The  limestone  cannot  be  mnch  less  than  50  feet  thick.  Fnrther 
north  still,  and  about  half  a  mile  east  of  Kamapalli,  is  a  medinm-sized  bed  of 
magnetic  iron  of  rather  poor  quaUtj  rnnning  north-north-east  and  dipping  60^ 
east. 

No  connection  was  traced,  l^ongh  it  may  very  likely  exist  under  the  snrface 

soil  between  this  bed  and  a  very  large  and  important  bed 
TThe     Suigarem    iron      ^  magnetic  iron  which  commences  about    2J  miles  to 

the  north  and  continues  thence  for  fully  3  miles  till  it 
runs  under  the  overlying  mass  of  the  Kadapa  rocks  at  a  point  only  about  half  a 
mile  west  of  the  edge  of  the  southern  boundary  of  the  Singareni  coal-field.  As 
this  bed  of  magnetic  iron  is  traced  northward  from  its  southern  extremity,  it 
increases  in  thickness  by  the  appearance  of  other  beds  above  and  below  it  till  at 
last  it  forms  the  mass  of  a  considerable  hill  some  150  feet  high  just  under  the 
parallel  of  17^  30'  North.  The  iron-beds  may  be  traced  along  the  valley  north  of 
this  hill  for  about  half  a  mile  when  they  rise  again  and  form  a  considerable 
ridge  250  to  300  feet  in  height  by  estimate.  The  ore  in  these  beds  is  very  rich  in 
quality  and  really  appears  to  have  been  placed  here  by  nature,  in  order  that  an 
iron  industry  might  arise  as  soon  as  the  coal  measures  close  by  are  made  to  yield 
up  their  carbonaceous  treasures.  As  the  Une  of  rail  coming  from  Bezwada  could 
with  the  greatest  ease  be  carried  close  along  the  foot  of  these  ridges,  every  faci- 
lity exists  for  bringing  the  ore  and  fuel  together  at  some  handy  spot,  while  the 
great  limestone  beds  of  Kadapa  age,  which  occur  at  no  great  distance  to  the 
east  and  west  of  the  coal-field  would  furnish  an  inexhaustible  supply  of  flux  for 
the  smelting  works. 

The  only  intrusive  rock  occurring  in  any  notable  quantity  is  dioritic  trap, 

dykes  of  which  are  numerous  in  soine  parts,  as  the  middle 
Iiitninre  ^^^  ^1  ^^  Muni^ru  valley.     All  as  far  as  my  observation 

went  are  dioritic  and  mostly  of  medium  coarseness  of  texture.  Many  are  of  con- 
siderable size,  50  to  60  feet  or  more  in  thickness,  and  from  their  superior 
hardness  stand  out  well  over  the  surrounding  granite  gneiss.  Their  surfaces 
have  weathered  into  a  very  "  blocky  "  condition,  and  fallen  masses  almost  every- 
where mask  their  contact  with  the  granite-gneiss.  Some  of  the  ridges  rise  as 
much  as  50  or  60  feet  above  the  surrounding  country.  The  most  southerly  of 
all  the  trap  intrusions  noted  is  the  most  important  and  of  such  size  that  it  can- 
not be  classed  as  a  dyke  proper.  It  lies  about  5  miles  north-west  of  the  junc- 
tion of  the  Kistna  and  Munidru,  and  immediately  south  of  the  village  of  Thora- 
lapadu  (Thoralapandoo).  The  intrusive  rock  is  a  diorite  differing  in  no  way 
from  that  in  the  true  dykes  of  the  neighbourhood.  The  trap  mass  extends  for 
rather  more  than  3  miles  southward,  and  is  not  less  than  a  mile  across  near  the 
middle.  Unfortunately  it  is  overlapped  all  round  by  a  very  thick  and  continuous 
sheet  of  regur  which  completely  hides  its  boundary,  and  no  contact  with  the  gneiss 
around  it  was  traceable. 

All  the  trap  intrusions  noticed  are,  judging  by  their  petrological  aspect,  to  be 
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ridge  is  very  low  and  much  obecnred  by  ootton  boU  and  low  but  thick  jnngle,  so 
that  the  eastern  boundary  is  very  diflBcult  to  make  out.  Near  to  ShernavWa  the 
ridge  rises  again  and  stands  from  40  to  60  feet  above  the  granite  gneiss  tract  to 
the  west,  but  to  the  east  it  slopes  down  almost  imperceptibly  to  the  schistose 
gneiss  band. 

The  rocks  seen  at  the  Shemavila  Trigonometrical  Station  are  highly  oherty 

,.    _  blue  limestones  which  are  underlaid  by  a  remarkably  fine- 

tion.  grained  jaspideous  quartzite  breccia    of   nch    reddish, 

yellowish,  and  brown  tints.  The  breccia  seems  to  be 
merely  local  deposit,  and  is  wanting  in  many  sections  both  north  and  south  of 
Shemay&la  station.  Underlying  the  breccia  is  a  micaceous  schist  which  might 
belong  either  to  the  Kadapa  series  or  the  gneiss,  but  I  could  not  satisfy  myself 
which  series  to  assign  it  to. 

North  of  the  Shemav&la  ridge  the  outcrop  sinks  down  a  good  deal  but  rises 

again  a  couple  of  miles  further  on  in  the  Letchmapur  Trigo- 
nometrical Station  hill.  The  limestone  beds  which  seem  to 
be  continuous  all  along  the  west  side  of  the  band  shows  in  great  force  around  the 
Letchmapur  hill.  The  limestone  is  grey  in  colour,  cherty,  and  greatly  contorted 
and  vandyked.  The  dark  variety  of  limestone  occurring  here  shows  a  decided 
blue  colour  when  freshly  broken.  Oyerlying  the  limestone  are  beds  of  micaceous 
argillite  with  here  and  there  small  beds  of  limestone.  Small  lenticular  inclusions 
of  the  same  rock  are  numerous.  The  limestones  are  generally  sub-crystalline, 
but  sometimes  really  ciystalline.  The  argillite  beds  which  are  of  dark- 
greenish  or  bluish-green  g^y  colour  roll  about  a  good  deal,  but  have  a 
general  dip  to  the  east.  The  eastern  boundary  is  not  seen  at  Letchmapur, 
owing  to  a  great  accumulation  of  kankur  mixed  with  debris  of  the  jaspideous 
breccia  and  limestone. 

North  of  Letchmapur  the  surface  of  this  s<anp  of  Kadapa  rocks  is  much 
obscured  by  cotton  soil. 

At  NarrainaypoUiam  (site  of  an  abandoned  village)  the  transition  beds  show 
very  slightly,  being  traceable  only  by  slight  outcrops  of  quartzite. 

At  Kodamur  highly  cherty  limestone  with  some  ferruginous  brecoiated  cherty 
__  ,  ..  quartzite  forms  a  narrow  rocky  ridee  60  or  60  feet  hieh 

above  the  surrounding  countty.  To  the  north  of  the 
village  the  ridge  rises  considerably  and  joins  the  group  of  low  hills  which  lie 
eastward  of  Khammamett,  and  here  the  outlier  attains  its  greatest  width  of  about 

2  miles.  The  hills  consist  of  rather  shaly  quartzites  with 
T^^  "***  of  Kham-     n^n^erous  beds  of  limestone  in  the  valleys  between.    The 

rocks  in  the  western  side  of  the  band  show  some  exten- 
sive contortions,  but  on  the  eastern  side  they  have  the  normal  easterly  dip  towards 
the  faxdted  boundary.  Considerable  contortion  of  the  quartzite  beds  is  also 
visible  still  further  to  the  north  near  Bagunadhapuram.    North  of  Bagunadha- 

puram  the  base  of  the  Kadapa  rocks  is  again  formed  of 
Umato^^'^'"'*"  limestones,  but  in  this  case  they  are  very  little  altered  and 

almost  lithographic  in  their  yerj  fine  and  close  texture- 
They  are  fairly  thick -bedded  and  mostly  of  giey  colour.    They  appear  to  be  over- 
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laid  by  qnavtzites,  but  time  did  not  allow  me  to  explore  the  thickly  wooded  hills 
lying  between  the  limestone  beds  and  the  Ghiniaknrti  Trigonometrical  Station. 

5.  The  Muoherla  Outlier, 

This  ontiier  consists  of  qnartzites  forming  the  crest  and  south  face  of  the  ridge 
which  runs  north-eastward  from  the  Macherla  (Moocherla)  Trigonometrical  Sta- 
iaon.  The  beds  are  <mt  off  abmptly  at  their  western  extremity,  and  there  is  certainly 
no  conneotiom  between  them  and  the  qnartzites  on  the  Ghintaknrti  hill  5|  miles  to 
the  sonth.weet-by-sonth,  the  whole  interyening  space  being  occupied  by  gneissio 
rooks.  The  qnartzites  appear  to  extend  further  eastward  across  the  valley 
drained  by  the  headwaters  of  the  Wyra  and  to  join  the  hills  north  and  north- 
east of  Mudlapad  which  contain  numerous  bands  of  quartzite.  A  bed  of  sub- 
cxystalline  limestone  is  exposed  to  the  west  of  the  small  taoik  north-west  of  Mudlapad^ 
and  traoes  of  ferruginous  quartzite  breccia  are  very  numerous  in  the  talus  along  the 
south  foot  of  the  hills.  The  hills  are  thickly  ooyered  in  most  parts  with  low 
tree  jungle,  and  it  is  only  when  quite  close  to  them  that  their  petrological  dis- 
tinction from  the  neighbouring  gneiss  hills  becomes  apparent.  This  is  especi- 
ally the  case  at  their  eastern  extremity. 

The  plain  immediately  south  of  these  hills  consists  of  gneiss  with  various 
beds  of  massive  hornblende  rock  against  which  the  qnartzites  are  unquestionably 
faulted  down.  As  before  mentioned,  want  of  time  prevented  my  working  out 
the  details  of  this  interesting  outlier  of  the  Kadapa  rocks.  It  is  I  believe  sepa- 
rated from  the  main  spread  of  the  CKxlavari  basin  of  the  Kadapa  rocks  by  a  con- 
siderable fault  running  nearly  north  and  south,  a  little  to  the  west  of  Junjurlagutt 
Station  hill. 

JIT.  The  Eiver  AUuvia. 

But  little  can  be  said  of  the  river  alluvia,  that  of  the  Kistna  excepted,  no 
features  of  special  interest  having  been  worked  in  connection  with  them. 

The  alluvium  of  the  Muni^ru  is  generally  rery  sandy,  as  might  be  expected 

£K)m  a  river  draining  so  large  an  area  occupied  by  highly 
j^j^^  '"^'"»  o      «  ^'u**     siKoeous  rocks.    19  ear  its  mouth,  however,  the  banks  and 

small  islands  in  it  consist  mainly  of  dark  silts  formed  of 
washed  up  cotton  soil. 

The  Wyra,  whioh  through  the  greater  part  of  its  course  drains  a  regur 

covered  country,  shows  much  dark  silt  in  its  banks, 
but  here  end  there,  as  for  instance  just  below  its  junc- 
tion with  the  Oumplagudem  stream,  there  are  considerable  shows  of  sandy 
alluvium.  The  valleys  of  the  headwaters  of  the  Wyra  contain  considerable 
deposits  of  loam,  often  with  much  kankar,  resting  upon  or  intercalated  with  beds 
of  coarse  shingle. 

Much  attention  was  paid  to  the  gravels  in  the  dry  beds  of  all  the  rivers  and 
^       ,  streams  in  order  to  ascertain  whether  any  debris  of  the 

carboniferous  rocks  might  be  contained  in  them  which 
might  help  one  to  trace  out  the  localities  where  outliers  of  the  Gondwana  rocks 
might  occur,  but  no  outHers  were  discovered  by  this  mode  of  search.  It  was  very 
remarkable  how  very  few  pebbles  of  the  various  Qondwana  sandstones  and  of  the 
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softer  members  of  the  Kadapa  rocks  were  to  be  found  in  the  streams  after  the 
first  few  hundred  yards  below  their  original  sites.  All  the  softer  masses  of  stone 
seem  to  have  been  speedily  reduced  to  sand  by  the  violent  action  of  the  streams, 
which  only  flow  sufELciently  to  move  the  debris  in  their  beds  when  swollen  by 
heavy  rains,  but  then  become  furious  torrents*  No  organic  remains  were  noted 
in  any  of  the  alluvia. 

The  most  important  alluvicd  deposits  within  the  area  now  under  consideration 

are  those  lying  on  the  left  bank  of  the  Kistna  along  what 
of  The  KuSa!^  ^"^^"^     ™*y  ^  conveniently  defined  as  the  Amanivati  (Umara- 

wutty)  reach  of  the  river.  These  deposits  consist  of 
sandy  shingle  beds  which  have  in  many  places  been  worked  for  diamonds.  No 
workings  were  in  progress  at  the  time  of  my  visit,  though  large  areas  of  the  shingle 
beds  have  not  been  turned  over  as  yet.  From  enquiries  I  made  from  the  people 
at  Mugalur  and  Partial  (Purtyall),  I  believe  that  the  diamond  industry  is  crushed 
by  the  heavy  royalty  levied  and  by  other  absurd  restrictions  imposed  by  certain 
people  at  court  in  Hyderabad.  There  is  certainly  no  geological  reason  why  the 
undisturbed  gravels  should  not  be  as  rich  in  diamonds  as  the  positions  of  the  same 
beds  explored  in  past  times.  That  the  old  workings  were  held  to  be  of  consider- 
able value  is  evident  from  the  fact  of  their  having  been  retained  by  the  Nizam 
when  the  Ghintur  circars  were  made  over  to  the  East  India  Company. 

The  shingle  consists  mainly  of  quartzite  which  has  been  very  highly  water 
worn.  The  number  of  gneissic  pebbles  occurring  in  the  shingle  is  very  small, 
while  agates  and  trap  pebbles  derived  from  the  Deccan  Trap  are  of  great  rarity 
in  the  sections  examined. 

The  gravels  lie  at  considerable  levels  above  the  river,  but  it  is  almost  impos- 
sible to  trace  their  upper  boundaries  because  covered  by  g^reat  cotton  soil  spreads. 

IV.  Sub'Aerial  Formation  and  Soils. 

The  sub-aerial  formations  met  with  were  very  few  and  mostly  of  small  extent 
and  interest.  Ferruginous  pisolitic  gravel  is  scattered  in  small  quantity  over  the 
surface  of  the  red  soils  where  they  are  richly  ferruginous  and  in  the  proximity  of 
magrnetic  iron  beds  and  of  the  haamatitic  granular  quartz  rocks,  e.g.,  of  Pengol  hill 

(see  page  18) .  The  dark-brown  to  bluish-black  often  botty- 
HiBTnatitic     incrugU-     ^^^j  incrustations  of  the  outer  surface  of  parts  of  the  ias- 

tion  ID  brecciai.  *  '' 

pideous  breccia  in  the  EZadapa  rocks,  especially  on  the  knoll 

south  of  Shemav&la  Trigonometrical  Station,  and  at  Kodamur  (5|  miles  south- 
east of  Elhammamett)  are  due  to  weather  action  on  small  reniform  masses  of 
dense  limonite  (brown  hematite)  enclosed  in  the  rock.  The  same  action,  but  on 
a  much  larger  scale,  has  taken  place  in  some  of  the  brecciated  quartzites  in  the 
Mucherla  outlier  and  in  a  breccia  bed  close  to  the  boundary  of  the  Kadapa  rocks 
where  crossed  by  the  road  leading  from  Singareni  town  to  the  centre  of  the  coal, 
field  near  Yellindellapad,  the  cementing  medium  in  these  cases  is  red  hssmatite, 
rich  enough  to  have  been  used  as  an  ore  by  the  native  smelters. 

Small  deposits  of  carbonate  of  lime  in  the  shape  of  vermicular  or  nodular 

kankar  are  common  enough,  as  they  are  in  all  tracts  where 

Kaukar  depoBi  .  homblendic  rooks  are  abundant.    Only  one  locality  was 
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noted  where  the  kankar  deposit  was  snfficientlj  eztensive  to  attract  attention. 
This  was  to  the  west  of  Bajawarmm  (4|  miles  northeast  of  Maddir6). 

Onlj  two  classes  of  soil  are  represented  in  this  region— the  red  and  the  black* 

Of  these  the  black  occnpy  nearlj  all  the  sonthem  and 
eastern  central  parts  of  the  conntrj  sonth  of  Khamma- 
mett  and  the  hills  to  the  east  of  it,  these  parts  being  open  and  approximately 
leyel.  Wherever  hills  rise  in  the  plain,  or  the  surface  is  rugged  and  broken,  red 
soil  puts  in  an  appearance.  This  is  markedly  the  case  along  the  western  side  of 
our  area,  where  the  granitoid  rocks  have  a  rough  and  broken  surface.  Very  few 
patches  of  cotton  soil  occur  here. 

No  spreads  of  soda  or  white  soil  were  observed. 


Geological  Sketch  of  the  country  between  the  Singareni  Coal-field  and  Hyderabad, 
by  B.  Bbucb  Footb,  F.G-.S.,  Deputy  Superintendent^  Qeological  Survey  of 
India.    (With  a  map.) 

The  geological  data  here  given  were  gathered  while  carrying  a  broad  tra- 
verse from  the  Singareni  Coal-field  westward  to  Hyderabad,  in  order  to  ascertain 
whether  any  outliers  of  the  Barakar  or  Indian  carboniferous  rocks  occurred  in 
that  tract,  the  presence  of  which  might  influence  the  choice  of  direction  for  the 
new  railway  to  be  constructed  between  Hyderabad  and  Warangal. 

The  examination  of  the  tract  in  question  unfortunately  dispelled  the  hope 
Exitienoe  of  coal-mea-  of  finding  any  outliers  of  the  coal-measure  rocks  west- 
nret  disproved.  ward  of  the  Singareni  coal-field. 

The  whole  large  tract  included  in  this  traverse  waa  found  to  consist  of  bands 
of  granitoid  gneiss  of  slightly-  varying  characters  overlaid  only  by  the  local  allu- 
via of  the  various  small  rivers  traversing  the  country  or  by  unimportant  sub- 
aerial  deposits  of  very  recent  character.  Of  intrusive  rocks  a  considerable 
number  of  trap  dykes  were  mapped,  but  many  were  not  followed  up  through  the 
eztensive  scrub  jungles  for  want  of  time. 

The  country  is,  as  a  rule,  open  and  undulating,  but  rocky  hills  both  isolated 

and  in  small  groups  are  not  unfrequent,  and  some  of  them 

feet.  Smaller  hills  are  numerous,  as  are  abo  great  rocks 
and  tors  as  well  as  low  broad  "  whaJeback  '*  eminences,  which  afford  a  good  look- 
out over  the  surrounding  country.  But  for  these  frequent  eminences  a  far 
greater  time  would  have  been  requisite  to  enable  one  to  acquire  anything  like  a 
good  idea  of  the  country,  as  over  great  tracts  the  scrub  jungle  is  just  high  and 
thick  enough  to  shut  out  the  view  even  when  traversed  on  horseback.  The 
jungle  is  not  thick  enough,  however,  to  hide  the  character  of  the  country  when 
overlooked  from  an  elevation  of  a  few  score  feet  or  so,  and  the  numerous  rock  ex- 
posures show  up  well,  even  when  flat,  or  nearly  so,  because  of  their  light 
colour  and  ^nerally  more  or  less  glistening  surface.  The  latter  quality  often 
makes  them  conspicuous  at  a  distance  of  several  miles. 
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The  sHapa  of  ihe  area  covered  by  the  traverse  may  be  described  rongblj  as 

a  scalene  triangle  whose  shortest  side  corresponds  with  the 
bj  teiSSp^"^  ~^*^     course  of  the  MnniJon  river  for  6  miles  northward  from 

Khammamett  and  then  for  nearly  40  miles  with  the  course 
of  the  Oarlah,  its  principal  northern  tribatary,  the  longer  sides  stretching  away 
to  Hyderabad  with  distances  of  96  and  105  miles  respectively. 

The  country  east  of  the  Oarlah  had  been  examined  by  Dr.  King,  who 
had  also  made  a  traverse  from  Khammamett  to  Warangal  viA  Biravol  (Beeroal), 
Murrypuddah,  Nelli  Kudm  (Nelly  Koondroo),  andKothoor,  thus  extending  the 
known  tract  for  a  considerable  distance  northward  of  the  triangular  area  of  my 
traverse. 

All  the  drainage  of  the  triangular  area  falls  into  the  Kistna  by  the  Muni^, 

the  Paleru  (Pallair),  and  Mussi  (Moosy)  and  their  res. 
^      *^*  pective  tributaries.    The  Mussi  is  the  only  one  of  these 

rivers  which  has  a  pretty  constant  flow,  but  even  it  in  the  hot  and  dry  months 
often  shows  a  perfectly  dry  bed  for  reaches  of  several  miles  in  length.  This  is 
doubtless  due  in  very  great  measure  to  the  absence  of  anything  like  real  forest. 
Even  in  the  most  jungly  tracts  along  and  east  of  the  upper  courses  of  the 
Muniiru  the  thin  jungle,  which  as  Hyderabad  is  approached  dwindles  to  mere 
stunted  scrub  or  disappears  altogether,  is  utterly  inadequate  to  shelter  the 
surface  against  the  vertical  rays  of  the  sun  in  the  hot  season.  In  its  present 
condition  most  of  it  may  be  described  as  an  arid  country  cursed  by  large  flocks 
of  goats.  In  no  other  part  of  South  India  have  I  seen  so  strong  a  tendency  to 
consume  all  the  cattle  manure  as  fuel, — a  fact  which  attracted  the  notice  of  more 
than  one  of  my  Madrassee  servants. 

It  has  been  already  pointed  out  that  many  hills,  some  in  groups  and  some 
^  ,  quite  isolated,  rise  from  the   surface  of  the  granite  grneiss 

tract  here  dealt  with.  The  principal  of  these  may  be 
enumerated,  as  they  afford  fixed  points  for  reference  in  a  country  where  many 
of  the  villages  do  not  now  hold  the  same  importance  that  they  did  when  Atlas 
sheet  No.  75  was  originally  constructed.  They  may  be  advantageously  considered  in 
groups,  as  far  as  possible,  some  of  them  hardly  belonging  to  any  one  group  because 
lying  too  far  apart  from  any  others. 

The  most  important  of  these  groups  in  the  eastern  part  of  the  area  under 

consideration  may  be  called  the  Kandi  Konda  group  from 
on     gTo  p.       ^^  ^.jj  ^£  ^j^^^  name  which  lies  a  little  south-east  of  the 

intersection  of  the  meridian  of  80^  East  by  the  parallel  of  17^  80'  North  latitude. 
To  the  north-west-by-north  of  Kandi  Konda  lies  a  considerable  number  of  detach- 
ed rocky  hills  rising  out  of  the  extensive  but  thin  and  low  forest  which  here  covers 
the  whole  face  of  the  country.  These  hills  all  show,  more  or  less,  the  typical 
rounded  outlines  of  granitoid  masses  or  equally  typical  bold  rocky  masses  crowned 
in  many  places  by  great  tors.  In  the  northern  part  of  the  group  Bali  Konda  and 
thd  two  hills  immediately  north  and  south  of  it  are  the  most  lofty  and  striking. 

Kandi  Konda  itself  is  a  fine  hill,  rising  800—900  feet  or  more  above  the  plain. 
It  is  crowned  by  a  small  temple  (the  "  Pagoda  Station "  of  sheet  75),  and  was 
formerly  fortified,  as  shown  by  three  or  four  ruined  gateways  one  has  to  traverse  in 


l^ART  1.]  Foots:  Singsreni  Coal-field  to  Hyderabad.  27 

aaoending  and  by  a  series  of  oiBteniB,  parity  natural,  partly  artificial,  a  little  below 
the  annmiit.  These  contained  a  good  supply  of  water  even  in  April.  The  hill  was 
evidently  of  some  importance  formerly,  as  it  has  given  its  name  to  the  talnq^  in 
which  it  stands.  From  the  summit  of  the  hill  the  beds  of  granite  gneiss  composing  it 
are  seen  to  trend  southward  to  the  lower  hills  near  Hydershaipetta  on  the  Munieru. 
In  the*  western  part  of  the  group  the  principal  hills  are  the  Narasimhapetta 
Pagoda  lull,  west  of  Kuppelvoy,  and  the  Batchurazpully  hill  which  lies  5  miles 
south-south-west  of  Elandi  Konda.  The  continuation  of  the  group  south  of  the 
Munieru  shows  two  very  bold  and  picturesque  hills  the  Ooniguth  (Trigonometrical 
Station)  and  the  Jallipalli  (JullypuUy)  Drug  hill,  each  of  them  showing  an  ap- 
proximately conical  mass  towering  600 — 700  feet  above  the  plain  around.  The 
other  lulls  which  lie  round  Murrypuddah  and  Pindipol  are  much  lower. 

South  of  the  Eandi  Konda  group,  but  hardly  to  be  reckoned  to  it,  is  Jetty- 

gonta  Trigonometrical  Station,  a  rather  remarkable  pile  of 
^^  huge  tors.     Nine  miles  west-south-west  of  this  hill  is  the 

ITrlagondah  Trigonometrcial  Station,  a  fine  bold  hill  rising  some  500  feet  or  more 
out  of  the  plain  over  which  it  commands  a  very  extensive  panorama  remarkable  for 
the  great  number  of  low  flattish  exposures  of  rock  which  show  through  the  red  soil 
here  prevailing.  The  light  colour  cif  the  rocks  and  their  shining  surfaces  produce 
an  elEect  unlike  anything  I  have  seen  elsewhere  in  granite  gneiss  districts. 

About  20  miles  west-by-north  of  ITrlagondah  lies  a  small  group  of  bold  rocky 

hills  which  I  will  call  the  Arwapalli  (Arwapully)  group 
puugzoap.  from  tbe  Arwapalli  hill,  a  station  of  the  Trigonometrical 

Surveyors  which  is  the  most  important  and  highest  mass  in  the  group.  It  is  a 
fine  bold  mass  nearly  conical  in  form,  rising  fully  800  feet  above  the  plain,  and  is 
the  most  conspicuous  hiU  in  that  part  of  the  country.  Kundaguth  hill  (Station), 
the  easternmost  member  of  this  group,  is  also  a  considerable  hill  and  nearly  as 
high  as  ArwapalU.  This  group  includes  a  number  of  smaller  hills  and  masses 
nqt  shown  on  the  map.  They  have  all  been  denuded  of  the  jungle  which  formerly 
clothed  their  flanks. 

Twenty  miles  or  a  little  more  north  of  the  Arwapalli  group  lie  the  southern 

members  of  another  small  group  which   I  will  call  tbe 

uiAiiagnm  groop.  Vizianagram  group  after  a  small  but  interesting  hill 
bearing  that  name.  The  beds  of  granite  gneiss  composing  the  hill  have  a 
north-westerly  strike  and  can  be  very  distinctly  traced  across  the  intervening 
plain  into  the  ZafEarghur  hills,  a  distance  of  4  or  5  miles.  The  sonth.westem 
part  of  the  group  is  formed  by  the  Kolonpalli  hiUs,  all  typical'  specimens  of 
granite  gneiss  hills. 

The  next  group  of  hills  may  be  termed  the  Madapur  group  from  the  village 

lying  nearest  its  centre.     The  group  includes  six  consider^ 
pur  groap.  ^^^^  ^^^  rather  widely  detached  and  a  number  of  snxalle^ 

ones,  several  of  which  are  not  shown  in  sheet  75.  This  group  Ues.  12  miles  south- 
west of  Vizianagram  hill.  The  principal  hills  in  the  group  are  the  Kul  Konda< 
(EoolcondaJ  at  the  northern  extremity,  the  Madapur  Trigonometrieal  Station,  hill, 

1  The  Kasba  of  the  talaq  it  not  at  Kandi  Konda  village,  but  at  NqIU  Kudra  f  Netty  Koondtoo), 
20  milei  north- wctt-hy -west. 
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two  lai^  HUB  north-east  of  Madapnr,  another  large  one  to  the  west  of  the  village* 
and  lastly  a  verj  fine  bold  hill  700—600  feet  high  6  milea  to  the  aoath-eaat. 

To  the  west  of  theMadapnrgronp  thecoantry  for  a  distance  0foTe!r2O  mileSy 
thoagh  rising  steadily  westward,  shows  many  fewer  hill%  and  those  are  with  one 
exception  of  mnch  smaller  size.  They  are  too  scattesred  to  he  included  in  gitmpB, 
and  do  not  require  special  notice. 

The  only  one  of  importance  is  a  lofty  conical  mass  which  rises  on  the  north 

side  of  the  Mussi  river  at  a  distance  of  3  miles  from 
the  large  village  of  Vernal  Konda  (Vamul  Gonda).  The 
local  name  of  this  hill  is  Sudi  Konda.  It  is  the  most  perfectly  conioal  granite- 
gneiss  hill  of  large  size  that  I  am  acquainted  with»  excepting  possibly  the 
Suttu  Pottai  in  South  Tinnevelly.  Sudi  Konda,  which  is  fully  600  feet  high  above 
the  plain  if  not  considerably  more,  owes  its  shape  chiefly  to  the  oonoentaric  peel- 
ing ofE  on  a  gigantic  scale  of  thick  layers  of  rock. 

The  numerous  gpranite-gneiss  hills  south  of  the  Mussi  river  did  not  come  within 
the  limits  of  my  traverse. 

Ten  miles  west-north-west  of  Sudi  Konda  commences  a  set  of  granite-gneiss 
SIm      '  hilk  ^^  ^^^  joins  on  to   the  Bhonagir  group  which  cul- 

minates in  the  veiy  fine  hill  on  which  Bhonagir  Drug 
is  built.  This  is  one  of  the  finest  examples  of  a  fortified  granite-gneiss  hill  in 
South  India  and  must  in  olden  times  have  been  a  place  of  immense  strength. 
Of  hills  untouched  by  the  hand  of  man  the  Rag^iir  hiU,  3  miles  to  the  north- 
east, is  a  very  beautiful  example.  The  rocks  here  rise  in  bold  peaked  masses, 
amongst  which  a  few  fine  trees  are  still  growing,  the  whole  being  the  most  pic- 
turesque spot  in  the  country  between  Hyderabad  and  Bezwada. 

The  group  of  hills  to  the  north  of  the  road  from  Bhonagir  to  Hyderabad 
p      t  '  *  h'lk.  though  picturesque    is  much  lower  than  the  Bhonagir 

hills.    The  low  hills  close  to  the  road  are  of  no  special 
interest. 

The  character  of  the  work  involved  in  making  a  search  for  coal-bearing  rocks 

over  a  vast  area  of  country  in  a  very  limited  space  of  time 

cl(^7/«T^iH3r^' """^  debarred  all  close  study  of  the  older  rocks.  Sach  observa- 
tions as  were  made  in  passing  were  necessarily  rather 
rough.  Quarries  are  in  many  parts  but  few  and  far  between,  and  the  greatly 
weathered  surfaces  of  the  undisturbed  rocks  do  not  afford  sufELcient  information 
to  admit  of  close  determination  of  the  exact  character  of  the  rock.  The  detailed 
description  of  the  petrology  of  this  region  will  have  to  be  given  after  a  much 
closer  examination  of  the  czystalline  rocks  than  it  was  in  my  power  to  make.  I 
can  only  roughly  indicate  the  great  features  which  could  not  escape  notice. 

The  granite-gneisses  occur,  as  already  pointed  out,  in  great  bands  running  in  a 
north-north-westerly  direction  across  the  line  of  traverse.  Of  these  great  bands 
the  most  easterly  belongs  to  the  Nandigama-Khammamett  band  of  oearse  grey, 
generally  homblendic  granite-gneiss.     This  includes  the  tract  of  country  occupied 

by  the  Kandi  Konda  group  of  hills  above  described.    Mi- 
Difficulty   of  ^**^^j^     caceous  and  epidotic  (pistacitic)  varieties  occur  occasion- 
ally, but  are  not  common.    It  is  not  improbable,  however. 
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that  the  mioaoeons  varieties  are  mncli  more  oommon  than  appears  o&  earscny 
inspection,  for  the  mica  czystals  are  more  affected  by  weathering  than  the  qnartz, 
felspar,  and  hornblende.  The  hornblende  also  is  often  nnrecQg^nizabie  on  the 
-weathered  surfaces ;  it  is  therefore  very  easy  ix>  pass  from  a  bed  of  homblendic 
rock  on  to  a  really  micaceoTis  bed  withoat  being  immediately  aware  of  the  change. 
As  a  matter  of  fact»  it  was  generally  unsafe  to  assume  the  special  character 
without  getting  sight  of  a  freshly  broken  unweathered  surface,  which  was  fre- 
quently impossible  as  the  great  rounded  masses  were  too  deeply  weathered  to 

reveal  their  internal  structure  to  the  questioning  of  an  ordinary  geological 
hammer. 

Westward  of  the  coarse  homblendic  band  comes  a  less  coarse  variety  in  which 
micaceous  beds  are  rather  more  frequent,  or  at  least  more  apparent*  To  this 
band  belong  the  Vizianagram,  Arwapalli,  and  Madupur  groups  of  hills. 

West  of  this,  again,  comes  a  band  of  coarser  and  more  porphyritic  granite 
gneiss  of  coarse  texture.  As  seen  in  the  quarries  to  the  south-west  of  Mutkur 
(Mootkoor),  it  is  a  greyish  pink  rock,  which  when  closely  examined  consists  of 
pinkish  orthoclase,  black  mica,  and  white  quartz. 

The  bedding  is  only  seen  when  large  spreads  of  the  rock  are  exposed* 

Further  west  homblendic  varieties  again  appear  to  predominate  and  the 
granitoid  character  of  the  rook  becomes  more  marked,  the  original  bedded 
structure  of  the  rocks  having  been  entirely,  or  almost  entirely^  obliterated  by 
excessive  metamorphism. 

Specially  beautiful  examples  of  granite-gneiss  were  met  with  at  several  places, 

e,g,,  at  Autopuram  (Owtapoorum)  near  the  southern 
g^^^i^i^T^""^^     "^^  of  the  Vinanagram  group  of  hills,  whore  a  lovely 

pale  pink  and  green  variety  of  rock  occurs,  the  fdspor 
being  pale  pink  (flesh  eolour)  in  a  matrix  of  pale  green  pisiaeite  with  a  few 
spangles  of  graphite.  About  18  miles  south  of  this  beautiful  epidotio  rock  is 
a  very  fine  black  variety  of  close-grained  homblendic  granite-gneiss  forming  the 
rodcy  hill  on  which  stands  the  Pnnnagherry  Trigonometrical  Station. 

One  of  the  handsomest  rocks  to  be  seen  in  the  country  is  a  deep  red  and  green 
epidote  gneiss,  which  is  exposed  in  the  bed  of  a  stream  between  Qutkassara  and 
Auvunumpett^  12  miles  east  of  Secimderabad. 

Trap-dyJte9^ 

It  would  be  a  mistake  tk>  omit  noticing  the  trap-dykes  occurring  m  the  granite- 
gneiss  area,  for  they  occupy  important  positions  in  many  parts,  and  in  not  a  few 
cases  attain  to  very  large  size.  For  the  most  part  they  consist  of  moderately 
coarse  diorite  of  black  or  greenish-black  colour,  rarely  of  a  distinctly  green  tint ; 
the  few  of  the  most  important  may  be  enumerated  :— 

1. — A  group  of  large  dykes^  north  of  Maddallapatti  and  3  miles  west  of 
Khammamett. 

2. — A  very  large  dyke  at  Pindipol  (Pindypoal)  at  the  south  end  of  the 

Kandi  Konda  hill  group. 
3.— Two  large  dykes  south  of  Kandi  Konda. 
4.— A  very  large  dyke  at  Inkirti,  20  miles  north-west  of  Kandi  Konda. 
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5. — A  Yerj  large  dyke  numing  for  more  than   12  miles  north  and   so cs 
through  the  centre  of  the  Madapnr  hill  g^np  and  forming  several    oar 
siderable  ridges. 
6. — A  large  and  lofty  djke  north  and  sonth  at  Ghirjalla  on  the  soaih  bank    /? 
the  Mnssi  river,  possibly  an  extension  of  No.  5.  >.  ^ 

7. — ^A  pair  of  great  dykes  which  form  the  crest  of  the  southern  part   of  *  tH 

great  Sudi  Konda  hill  rising  some  400 — 500  feet  above  the  plain. 
8. — A  large  dyke  forming  the  crests  of  the   Kanchanpalli  (Kunchanpulljri^ 

ridge,  8  miles  north-west  of  the  Sudi  Konda  dyke.  ,. 

9. — A  very  large  dyke  running  for  14  miles  north-east-by-east,  so^th-west-lTys 
west,  passing  close  north  of  Bhonagir  Drug  hill  and  forming^  several 
very  conspicuous  hill  ridges  along  its  course.  '    - 

10.-— A  large  dyke  crossing  the  plain  east  of  Outkassara  in  a  nearly  north  an<t^^ 
south  direction.     It  forms  several  considerable  bare  rocky  ridges'  and   10- 
-  lost  to  sight  at  the  northern  end  in  the  Parvatgiri  (Purvatgerry)  hills,-' 
while  to  the  south  it  disappears  across  the  crest  of  Bachawaram  hill  out^ 
the  right  bank  of  the  Mussi.  '  '  -^^^^ 

In  a  few  dykes  the  diorite  is  markedly  porphyritic,  and  encloses  large  crystals  ^p^^ 

of  green  felspar  in  a  green  matrix.     Examples  of  this  are  ^  ^' 
^  ^         ^        to  be  seen  at  Nagawaram,  2  miles  south-west  of  the  grea6  -l?^ 
Inkirti  dyke  (No.  4)  above  mentioned,  and  at  Surruwaillu,  5  miles  south-east  of  ^^ 
Kandi-Konda.  ;         '    ' 

Orantie  and  Quartz  veins,  x 

No  granite  or  quarts  veins  of  any  size  were  seen  in  the  course  of  the   ^^: 
traverse,  but  a  great  plexus  of  small  and  often  anastomosing  veins  of  common      /j| 
coarse  pinkish-grey  granite  was  observed  cutting  up  the  compact  grey  granite-      ^ 
gneiss  in  a  very  remarkable  way  in  a  hill  4  miles  north-east  of  Autapuram  (Owta- 
poorum).     The  granite  veins  are  so  numerous  that  they  form  very  nearly  half  the '  «u^ 
mass.    They  strongly  suggest  the  idea  that  they  have  originated  not  by  intfu-     ^ 
sion  but  by  excessive  metamorphism  along  the  lines  of    jointing  and  other    * 
fissures  in  the  original  rock. 


Three  good-sized  and  conspicuous  runs  or  reofs  of  brecciated  quartz  rock  form         M 

'  the  mass  of  a  moderately  high  ridge  which  rans  north-     ,     . 
peccia  e   quar  1     c  .      gj^g^^^rd  from  the  left  bank  of  the  All^ru  (Allair)  river,     taiw 

3  miles  above  its  junction  with  the  Bikaldru  (Beekullair). 

I  .-  -  -  ■ 

Sub-aerial  formaiions  and  eoils. 

With  the  exception  of  a  few  unimportant  deposits  of  kankar  no  sub-aerial 
formations  were  noted. 

The  soils  are  almost  invariably  varieties  of  lal,  or  red,  soil,   and  mostly  reiy 

poor  and  gritty.     Here   and   there  rich  soils  have  been 
formed  by  the  decomposition  of  the  trap-dykes  or  of  extra 
homblendic  varieties  of  the  granite-gneiss. 

Cotton  soil  is  of  very  rare  occurrence  and  only  a  few  small  spreads  0f  it  were 
noted  a  few  miles  eastward  of  Bhonagir. 
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Note  on  Goal  and  Limestone  in  the  Doigmng  Bivery  near  Golaghat,  Assam,  hy 

Tom.  D.  La  Touohb,  B.A.|  Oeological  Survey  of  India, 

It  has  long  been  known  that  in  the  N^bar,  airibntary  of  the  Dbansiri  crossed 
by  tbe  Naga  Hills  road  12  miles  to  the  south  of  Golaghat,  there  are  exposnres  of 
coal  and  limestone,  >  and  some  time  ago  I  was  informed  by  Mr.  Clift,  Executive 
Engineer,  Assam  Railway  Surveys,  that  a  native  surveyor  of  his  party  had  found 
coal  and  limestone  in  the  Doigrung,  a  stream  flowing  parallel  to  the  N&mbar  and 
3  or  4  miles  to  the  west  of  it.  As  his  description  seemed  to  indicate  that  there 
was  a  considerable  quantity  of  the  minerals  there,  I  spent  a  few  days  on  my  way 
to  Upper  Assam  this  season  in  visiting  the  locality. 

The  coal  is  exposed  in  the  Doigrung  about  7  miles  above  the  point  where  the 
forest  path  from  the  Dimapdr  road  to  Murphulani  crosses  the  river  (see  Topo- 
graphical Survey  Sheet  No.  35, 1  inch  =  2  miles),  and  wher^  a  forest  bungalow 
has  been  recently  built.  The  spot  may  be  reached  by  following  the  path  south- 
wards from  Murphulani,  and  turning  south-east  at  the  village  of  Burabassa  (not 
marked  in  the  map,  but  close  to  the  site  of  the  deserted  village  Leti).  The  coal 
is  seen  twice  in  the  bed  of  the  stream,  being  probably  repeated  by  a  fault,  with 
an  interval  of  about  |  mile  between  the  exposures,  and  in  each  case  is  overlaid  by 
calcareous  shales  containing  large  nodular  masses  of  limestone,  crowded  with 
fragments  of  shells.  The  seam  is  in  each  case  about  3  feet  thick,  the  greater  por- 
tion  of  it  being  under  water  and  extending  nearly  across  the  river  with  a  low  dip 
to  west-north-west.  The  coal  contains  numerous  nests  and  specks  of  the  fossil  resin 
characteristic  of  the  cretaceous  coal  of  the  Khasia  and  Garo  Hills,  and  is  presum- 
ably of  the  same  age.  Gneiss  occurs  about  ^  mile  further  up  stream,  and  the  high 
ridge  to  the  west  of  the  Doigrung  is  apparently  all  of  the  same  rock.  It  is  diffi- 
cult to  form  an  opinion  as  to  the  extent  of  the  coal,  but  this  is  probably  a  portion  of 
the  same  bed  as  that  found  in  the  N&mbar.  Even  if  it  were  continuous  between 
these  streams,  the  greater  portion  of  it  would  be  below  the  water  level  of  the 
valley,  and  seeing  that  far  larger  deposits  are  easily  available  in  Upper  Assam, 
I  do  not  consider  this  coal  to  be  of  practical  importance  at  present.  In  the  event, 
however,*  of  the  Assam  Railway  being  brought  down  the  Dhansiri  valley,  this 
ooal  may  turn  out  to  be  of  some  use,  if  the  quality  should  improve  to  the  deep ; 
the  sample  taken  at  the  outcrop  gives  the  following  very  poor  result  on  assay  : — 

lloistare ;         .         .         .  608 

Volatile  mntter 81*06 

Fixed  carbon 1510 

Ash            4876 

10000 

The  occurrence  of  limestone  in  this  locality  is  a  fact  of  far  greater  importance, 
there  being  so  great  a  scarcity  of  this  rock  in  the  Naga  Hills,  the  lime  for  which 
is  at  present  obtained  at  a  great  expense  (about  Bs.  10  per  maund)  from  Sylhet. 
Mr,  Hedlicott  in  1865  expressed  his  surprise  that  no  use  had  been  made  of  the 

1  MedTicott,  Memoin,  Geologioal  Sottoj  ot  India,  Vol  IV,  Pt.  8,  p.  26.  MaUet^  Ihid^  Yoh 
111,  Pt.  2,  p.  17,  note. 
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limestone  on  the  N&mbar,  but  from  that  daj  to  this  only  one  attempt,  and  that 
a  feeble  one^  has  been  made  to  bam  the  stone. 

The  Doignmg  limestone  is  found  abont  3  miles  aboye  the  forest  bnngalow 
above  mentioned,  where  a  bed,  pf  which  from  3  to  6  feet  is  visible  above  water,  is 
exposed  on  the  left  Ivmk  of  the  stream,  dipping  north-east  at  about  50^.  Mr. 
Mitchell,  Assistant  Engineer,  is  at  present  engaged  in  cutting  a  path  to  the  spot 
and  opening  pits  at  a  short  distance  from  the  river  bank,  in  order  to  discover  the 
extent  of  the  bed.  The  density  of  the  jungle  renders  it  impossible  to  see  how  far 
the  bed  extends  without  this  being  done,  but  I  think  that  enough  stone  can  cer- 
tainly  be  raised  without  much  difficulty  to  supply  tibe  wants  of,  at  any  rate,  the 
Naga  Hills.  It  will  only  be  possible  to  obtain  the  stone  during  the  cold  weather, 
as  the  pits  will  be  under  water  during  the  rains.  The  limestone  is  similar  to  that 
seen  below  the  falls  on  the  N&mbar,  and  it  is  possible  that  it  may  be  found  on  the 
low  ridge  separating  the  Doigrung  from  the  N&mbar,  in  which  case  quarries,  not 
liable  to  be  flooded  every  year,  might  be  opened  in  it.  In  fact,  it  is  not  impro* 
bable  that  sufficient  limestone  may  be  obtained  here  to  supply  the  wants  of  a  large 
part  of  Upper  Assam.  An  assay  of  the  Doigrung  limestone  gave  the  following 
result : — 

Carbonate  of  lime '•         .         .        •        72*97 

„  „    magnesia 7*83 

Oxide  of  iron,  Hlumiua  and  magnesia 9*00 

Insoluble. 1070 

10000 


Homotaxis,  as  illustrated  from  Indian  Formations  by  W.  T.  Blakfobd,  F.R.S.y 

Sec.  a.S.,  F.R.G.S.* 

In  commencing  an  address  to  the  Geological  Section  of  the  British  Associa- 
tion on  the  first  occasion  on  which  that  body  has  met  outside  of  the  British  Islands, 
I  feel  much  difficulty.  Amongst  the  eminent  geologists  who  have  filled  the  post 
which  you  have  done  me  the  honour  of  calling  upon  me  to  occupy  for  the  present 
*year,  there  are  several  who  would  have  been  able,  from  their  knowledge'  of  both 
European  and  American  geology,  to  treat  with  authority  of  the  many  points  of 
interest  elicited  by  comparison  of  geological  phenomena  on  opposite  sides  of  the 
Atlantic  Ocean.  My  own  experience  has  been  chiefly  derived  from  the  distant 
continent  of  Asia,  and  I  have  not  that  intimate  acquaintance  with  the  geology  of 
Europe,  nor  that  knowledge  of  the  progress  of  geological  research  in  America, 
which  would  justify  my  entering  upon  any  comparison  of  the  two  continents.  It 
has,  however,  occurred  to  me  that  amongst  the  questions  of  wide  importance 
connected  with  the  correlation  of  strata  in  distant  parts  of  the  world,  there  is  one 
to  which  some  interesting  contributions  have  been  made  by  the  work  of  the 
Geological  Suifvey  of  India,  and  by  the  geologists  of  Australia  and  South  Africa ; 
and  that  a  short  time  might  be  profitably  devoted  to  a  consideration  of  a  few 

1  This  is  a  reprint  of  Mr.  Blanford's  addresi  aa  President  of  the  Geological  Section  of  the 
British  Aasociatiou,  at  Montreal,  1884. 


PART  1.]  Blai7F0BD:  Homotaxis.  S3 

»     •        •        '    * 

remarkable  exceptions  to  the  role  that  sizmlariiy  of  faunas  and  floras  in  tossi- 
liferons  formations  thronghont  the  surface  of  the  world  implies  identity  of  geo- 
logical age. 

It  has  probahlj  oocorred  to  other  geologists  here  present,  as  it  has  to  myself, 
to  be  engaged  in  examining  a  oonntTy  the  geology  of  which  was  absolutely  nn- 
known,  and  to  feel  the  satisfaction  that  attends  the  first  disooyeiy  of  a  character, 
istio  fossil  form.  A  due  is  at  once  afforded  to  the  geology  of  the  region ;  one 
horizon  at  least  is  believed  to  be  determined,  and  from  this  horizon  it  is  possible 
to  work  upwards  and  downwards  until  others  are  found. 

It  is,  therefore,  of  special  importance  to  those  eng^aged  in  geological  explora- 
tion to  satisfy  themselves  whether  the  conclusion  is  correct  that  identity,  or  close 
specific  similarity,  amongst  fossil  forms,  is  a  proof  that  the  beds  containing  them 
are  of  the  same  geological  age.  It  has  been  pointed  out  by  some  of  the  most 
careful  thinkers,  and  especially  by  Forbes  and  Huxley,  that  a  species  requires 
time  to  spread  from  one  area  to  another ;  that,  in  numerous  cases,  a  migratory 
specific  form  must  flourish  in  the  region  to  which  it  has  migrated,  after  it  has 
died  out  in  its  original  birth-place ;  and  that  the  presence  of  the  same  species  in 
two  deposits  at  distant  localities  may  rather  tend  to  indicate  that  both  were  not 
formed  simultaneously.  Huxley,  as  is  well  known,  invented  the  term  '  homotaxis ' 
to  express  the  relations  between  such  beds,  and  tp  avoid  the  possibly  misleading 
expressions  '  geological  synchronism/  and  '  contemporaneous  origin/ 

Despite  such  cautions,  however,  it  still  appears  to  be  generally  assumed  by 
palsdontolog^ts  that  similarity  between  faunas  and  floras  is  evidence  of  their 
belonging  to  the  same  geological  period ;  that  the  geological  age  of  any  formation, 
whether  marine,  fresh- water,  or  subaerial,  can  be  determined  by  a  comparison  of 
its  organic  remains  with  those  of  other  deposits,  no.  matter  how  distant,  of  which 
the  position  in  the  geological  sequence  is  ascertained  :  in  short,  that  homotaxis  of 
marine,  fresh-water,  and  terrestrial  forms  implies  geological  synchronism. 

That,  as  a  general  rule,  homotaxis  affords  evidence  that  beds  exhibiting  it 
belong  approximately  to  the  same  geological  period,  appears  supported  by  a 
large  amount  of  evidence.  But  there  are  some  startling  exceptions.  I  propose 
to  notice  a  few  typical  instances,  several  of  them  Indian,  in  which  tlie  system  of 
determining  the  age  of  various  formations  by  the  fauna  or  flora  has  led  to  con- 
tradictory  results,  before  attempting  to  show  wherein  the  source  of  the  error 
appears  to  lie.  Nothing  would  be  gained  and  much  time  would  be  los;t  by  enter- 
ing upon  the  details  of  all  the  cases  known,  even  if  I  were  able  to  give  authentic 
particulars,  which  is  doubtful.  It  will  be  sufficient  to  cite  some  characteristic 
examples,  concerning  the  details  of  which  satisfactory  evidence  is  forthcoming* 

Pikermi  Beds. — There  are  but  few  f ossilif erous  deposits  on  the  face  of  the  earth 
that  have  attracted  more  attention  than  the  Pikermi  beds  of  Gfreece.  In  one  of 
the  most  classical  and  famous  sites  of  the  world,  a  few  miles  east  of  Athens, 

just  where 

The  moantains  look  on  Harothon^ 

And  Marathon  looks  on  the  sen, 

some  red,  silty  beds  occur,  abounding  in  vertebrate  remains.     Same  of  the  bones 
were  described  by  Wagner  and  others,  but  for  a  complete  account  of  the  fauna  we 
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are  indebted  to  Professor  Albert  Qtradry,  .who  bas  bimself. collected  by  far.  tbe 
greater  portion  of  the  remains  hitherto  procured.  The  following  is  a  list  of  the 
genera  determined ;  it  is  unnecessary  to  give  the  specific  names  : — 

MAMMALIA. 

Pbikatss. — Mewpitheeuf,  1  sp. 

CJLUVITORA.—Simoe^fon,!;  Muttela,!;    Pnmephtiis,  I ;  IcHiheriuHf  8;    Hyitnaretu*,!; 

.  SganOf  1 ;  Hyamietit,  1 ;  FbUm  4 ;  Mackarodua,  1. 
PROBOSCIDBA. — Mostodon,  2 ;  Dinotherinm^  1. 
UVGTJLATA. — Chalicoiherium,  1 ;  Rhxnocerot,  8;   Acerotkerium,  1 ;  Leptodon,  1  ;  Hippariou, 

1;  Sus,   1;  Camtlopardalu,  1;    Helladotkerium,  3;    (hatiug,    1;    Palaoirofut,    1; 

J*rotraffelaphus,l;     Palaorp»,2;    Tia^oeerug,  2 ;    Palaoreat,  1}    AntidorcaM  (?),  l  i 

Qazella,  1 ;    Antilope,  8 ;  Dremoikerwm,  2 ;  CenmSf  !• 
RoDEKTiA.— itftif  {Aeom^t),  1 ;  ffytiruB,  1. 
EDESTATA.'^Aneylotherium,  1. 

AVES. 

PhoHanuM,  1 ;  CMiut,  1 ;  &e«.  gallinae.  indet,,  1 ;  GnM,  1 ;  Oen.  eietmidar,  indet.,  1. 

BEPTILIA. 
Testudo,  1 ;  FaranM,  1. 

Of  mammalia  alone  there  are  known  from  this  deposit  33  genera,  of  which  22 
are  extinct,  and  47  species. 

Now,  this  fanna  is  almost  invariably  in  Earopean  works  quoted  as  Miocene. 
Of  the  species  fonnd  no  less  than  14f—8imooyon  diaphortUf  IctUherium  rohustum, 
I.  hipparionumf  Hyoena  eximia,  Hycenictis  groBca^  Machoerodus  cuUTtdens,  Mastodon 
turicensis,  Dinotherium  giganteurrif  Bhinoceros  sckleiermacherij  Hipparion  graciUy 
StM  erymanthius,  Helladotkerium  duvemoyif  Tragocerus  amaltheus,  and  Oaaella 
brevicomis — are  met  with  in  other  Earopean  deposits  assigned  to  the  Miocene 
period.  It  is  true  that  one  of  these  deposits  at  least — ^that  of  Eppelsheim^has 
been  shown  on  stratigraphical  grounds  to  be  much  more  probably  Pliocene 
than  Miocene,  and  the  position  of  other  deposits  has  been  determined  by  the  kind 
of  argument  which,  as  I  shall  show,  has  proved  misleading  in  the  case  of  Pikermi 
itself.  Nevertheless  so  general  is  the  consensus  of  opinion  amongst  palaeontologists, 
that  the  beds  with  Hipparion  at  Pikermi  and  elsewhere  are  quoted  as  especially 
included  in  tlie  Miocene  system  by  the  French  Committee  of  the  International 
G-eological  Congress.  Amongsb  English  writers  the  Miocene  age  of  the  Pikermi 
beds  appears  generally  admitted,  as  by  Mr.  Wallace,^  Professor  Boyd  Dawkins,' 
Mr.  E.  T.  Newton,^  and  many  others.  Professor  Craudry  hinuself  is  much  more 
cautious ;  he  classes  the  fauna  as  intermediate  between  Pliocene  and  Miocene,  and 
only  relegates  it  to  Upper  Miocene  because  that  is  the  position  assigned  by  other 
palsBontologists  to  beds  containing  remains  of  Hipparion,  However,  in  his 
subsequent  works  Professor  Gaudry  has  classed  the  Pikermi  fauna  as  Miocene. 

Now,  the  lowest  of  the  beds  with  the  vertebrate  fanna  at  Pikermi  were  by 
Professor  Gaudry  himself  found  to  be  interstratified  with  a  band  of  grey  conglo- 

^  Oeogravhieal  Diiirihution  ofAnimalt/i.  p.  116. 

'  Q.  J.  Q,  S.  1880,  p.  889. 

*  Q.  J,  Q.  8.  1884,  pp.  284^  287»  fto. 
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merate  containing  fonr  characteristic  marine  Pliocene  mollnsca — Pecten  ienedictu$f 
Lam. ;  BponAyhu  gcederopus,  L. ;  Ostrea  lamellosa,  Brocchi ;  and  0.  trndata.  Lam. 
It  should  be  remembered  that  the  Pliocene  fauna  of  the  Mediterranean  area  is 
the  richest  and  most  typical  in  Europe,  and  is  as  well  known  as  any  fj^eological 
fauna  in  the  world.  It  should  also  be  remembered  that  the  Pliocene  beds  are  well 
developed  in  Greece  at  other  localities  besides  PikermL  Professor  Gaudry  espe- 
cially points  out  that  the  vertebrate  remains,  supposed  to  be  those  of  Miocene 
animals,  are  deposited  in  a  stratum  overlying  a  marine  bed  of  undoubted  Pliocene 
age,  and  he  proposes  the  following  hypothesis  to  account  for  the  present  of  Miocene 
fossils  in  a  PHocene  stratum.  The  remains  found  at  Pikermi  are,  he  thinks,  those 
of  animals  that  inhabited  the  extensive  plains  which  in  Miocene  times  extended 
over  a  considerable  proportion  of  the  area  now  occupied  by  the  Eastern  Medi- 
terranean and  which  united  Greece  to  Asia ;  the  plains  were  broken  up  by  the 
dislocations  that  took  place  at  the  close  of  the  Miocene  period,  and  the  animals 
escaped  to  the  mountains,  where  they  died  for  want  of  space  and  of  food.  Their 
bones  were  subsequently  washed  down  by  the  streams  from  the  hills  and  buried 
in  the  Pliocene  deposits  of  Pikermi* 

Professor  Ghiudry  evidently  has  no  very  profound  faith  in  this  hypothesis,  and 
it  is  unnecessary  to  refute  it  at  length.  One  fact  is  sufficient  to  show  that  it  is 
untenable.  However  sudden  may  have  been  the  cataclysm  that  is  supposed  to 
have  broken  up  the  Miocene  plains  of  Attica,  a  very  long  period,  measured  in 
years,  must  have  elapsed  before  the  Pliocene  marine  fauna  could  have  established 
itself.  Now,  the  bones  of  mammals  exposed  on  the  surface  decay  rapidly ;  the 
teeth  break  up,  thq  bones  become  brittle.  It  is  doubtful  if  bones  that  had  been 
exposed .  for  only  five  or  six  years  would  be  washed  down  by  a  stream  without 
being  broken  into  fragments ;  the  teeth  especially  would  spiit  to  pieces.  The  con. 
dition  of  the  Pikermi  fossils  proves,  I  think,  that  they  must  have  been  buried  very 
soon  after  the  animab  died,  that  they  were  not  exposed  on  the  surface  for  any 
length  of  time,  and  that  they  could  not  have  been  washed  out  of  an  earlier  forma- 
tion, and  it  appears  to  me  incredible  that  the  Pikermi  manmials  were  not 
contemporary  with  the  Pliocene  moUusca  that  occur  in  the  same  beds.  In  short,  I 
cannot  but  conclude  that  the  Pikermi  Tnfl.TnTnft.1fl  were  Pliocene  ^nd  not  Miocene. 

This  view  is  entirely  in  accordance  with  the  opinions  of  Theodor  Fuchs.^  He 
has  given  a  good  account  of  the  geology  of  various  places  in  Greece,  and  amongst 
others  of  Pikermi.  He  found,  again,  the  conglomerate  with  Pliocene  marine 
moUusca  interstratified  with  the  basal  portion  of  the  mammaliferous  beds,  and  he 
concludes  'that  not  only  is.it  clear  that  these  mammaliferous  beds  are  of  Pliocene 
age,  but  that  a  comparison  of  their  geological  position  with  that  of  the  marine  strata 
of  the  PirsBus  proves  that  the  Pikermi  beds  occupy  a  very  high  position  in  the 
Pliocene,  and  are  probably  the  highest  portion  of  the  system  as  developed  in  the 
neighbourhood. 

Fuchs  also  showd  that  the  principal  Pliocene  mammaliferous  beds  are  of  later 
date  than  the  typical  Pliocene  (Subapennine)  beds  of  Italy,  and  that  some  mam. 
malia  found  associated  with  the  latter  comprise  forms  identical  with  those  of  the 


1  2)enkMe^f,  K.  4Qad.WiM.  WU»,  1877,  xzzvii.  2e  Abth.  p.  L 

*  X.  e.,  p.  ao. 


86  Beeords  of  Iks  Geological  Survey  of  India.  [vol.  xvm. 

Pikermi  beds.  In  subsequent  papers  on  the  age  of  the  beds  containing  Kippa/non 
the  sajne  writer  shows  reasons  for  classing  these  strata  in  Italy,  France  (Vaucluse), 
and  G-ermanj  as  intermediate  between  Ifiocend  and  Pliocene.'  This  litres  the 
difficulty  unsolved,  for  he  hiftd  shown  the  Piketmi  beds  to  be  high  in  the  Pliocene 
system.  They  rest  unconf ormably  upon  certain  fresh-water  limestones,  clays,  &c., 
containing  plants  and  moUusca,  and  classed  by  Gaudry  as  Mibcene,  but  by  Fuchs 
as  Pliocene.  Thus  by  both  writers  the  mammalif erous  beds  of  Pikermi  are  referred 
to  a  considerably  later  geological  horizon  than  tiiose  containing  identical  species 
in  other  parts  of  Europe. 

It  would  require  too  much  time  to  enter  into  the  still  more  difficult  question  of 
the  various  plant-bearing  beds  in  different  parts  of  Europe  and  in  Greenland  con- 
taining a  flora  classed  by  Heer  and  others  as  Miocene.  Gardner  has  given  reasons 
tor  considering  the  Ghreenland  beds  Eocene ;  Fuchs,  as  just  stated,  is  of  opinion 
that  the  Greek  beds  are  Pliocene.  One  point  should  bd  noted,  that  the  more 
northern  flora  is  considered  older  than  the  more  southern,  and  it  will  be  remarked 
that  the  same  observation  applies  to  the  supposed  Upper  Miocene  fauna  6f  France 
and  Germany  and  the  Pikermi  fkuna  of  Greece. 

Siwalik, — The  next  instance  which  I  shall  describe  is  another  of  the  most  im- 
portant  fossil  mammalian  faunas  of  the  Old  World,  that'  found  in  the  Upper 
Tertiary  beds  that  fringe  the  Himalayas  on  the  south.  The  name  applied  to  this 
fauna  is  taken  from  one  of  the  localities  in  which  it  was  first  found;  the  Siwalik 
(correctly,  I  believe,  Shib-wila)  hills,  between  the  Deyra  Dun  and  the  plaint  north 
by  east  of  Delhi.  Bones  of  Siwalik  mammalia  are  found,  however,  throughout  a 
'X>nsiderable  area  of  the  Northern  Punjab.' 

The  Siwalik  fauna  has  been  worked  out,  chiefly  by  Falconer  and  Lydekker,  the 
last-named  being  still  engaged  in  describing  the  species.  '  The  following  is  a  list 
of  the  genera  found  in  the  true  Siwalik  beds  ^  :-*    ' 

MAHMALI4. 

Paiif  ATH — Palaopitheeus,  1  sp. ;  Maeaeut,  2 ;  SemnopiiMeem,  1 ;  Cj^nocephaltu,  2. 

CAUlfTy07LA»'—Mustela,l}3iellivora,2}  ^etUvorodom,  I ;  Luira  S ',  Hjfmnodon,  I ;  Urtnt, 
1;  HymnareUu,  ti ;  Cemif,  2;  Viv$fra,2;  J2i|riMa,  4;  ffjfamieiit,!;  Leptk^tna^l; 
JBlwropth,  1 1  MlMirogdUt  I  %  Fslit,  6^*lf«^AcBr(Ml«f,-2. 

Tt^BOaainEAr^JBlepkai,  6  {BfuUpkag^  1 ;  sLtModm^il  y  BU§oitmt  4) ;  Katdodon,  6. 

U ji0aiiAJA.  —  ChUvDotherium,  t ;  ^ AifK»o«r«f ,  3  j  Vquus^.  1 ;  •  'Mippariom,  % ;  SippopoUmmt, 
1 ;  Teiraeonodon^  1 ;  Sut,  B }  Sippoh^ui,  1 ; .,  Sanitkerium,  1 ;  Merjf09poU»m9U,  I ; 
Certm*,  8 ;  Dorcaiherium^  2 ;  Tragulut,  1 ;  Motchms,  1 ;  PropaUMmeryx,  1 ;  CamBUtpat' 
dalis,  1 ;  HBlladothertum,  1 ;  Bydatpiikerimm,  2 ;  Siviheriuim,  1 ;  Alcelaphus,  1  i 
GatclU,  1 ;  Antilope,  2 ;  Vreng,  (?),  1 ;  Pakeoryx,  (f  ^  1 ;  Portal,  I ;  EemihoB,  8 ;  Leplo* 
bot,  1;  Bubalutf  %9  Sit9m,  1  iSog^S;  Bucapra,  1 ;  Copra,  2j  Ow>,  1 ;  Camelut,  1.     - 

BOOSNTXA.^  JfM  (.VMuiba),  I  i  B>hy$Qms9»  X'l  Sy9*rix,  1  j  Jiepm^  I.     . 

'   "AVES.    ■  '       ' 

Oraeulvkg,  I ;  Telecanut,  2 ;  Lept<tptila,  I  -,  Oem,  mm  dei.  etoonid^  1 ;  Mergus,  1 ;  StnUkio^ 
1 ;  Dromaus,  1 ;  Oem,  turn  del.  »irmtk,,  1. 

1  Lydekker,  J.  A,  S.  B,  1880.  pt.  2,  p.  84 ;  TalmonMogia  Indiea,  ser.  z.  toIs.  i,  ii,  iti  i 
BBoordf,  Geological  Survey  of  India,  1888,  p.  81.  I  sin  indebted  to  Mr.  Lydekker  for  lome  on- 
pnblUhed  additions,  and  for  ftid  in  oouipiliog  both  the  Siiralik  and  Flkermt  lilts. 
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BEPTILIA. 

< 

C^OOONUAr^Croeodilus,  1;  OharuUis,  8. 
Laosbtilia — Varaaug,  1.  » 

Chbloitia — ColotMoekeljfMy  1;  Tentudo,  1;  BeHUOt  %}  Bamjfnkh  1;  Smy$^  1;  .Gm/A^a,  1; 

PISCES. 
Bagatriui,  1. 

Now,  until  within  the  last  iSew  years,  this  fanna  was  classed  as  Miocene  by 
European  palaBontologists  as  unhesitatingly  as  the  Pikermi  fauna  still  is,  and  in 
the  majority  of  European  geological  works,  despite  the  unanimous  opinion  of  all 
the  geologists  who  are  acquainted  with  the  sub-Himalayan  beds,  the  Siwalik 
fauna  is  still  called  Miocene.  The  geologists  of  the  Indian  Survey,  however, 
classed  the  fossilif erous  Siwaliks  as  Pliocene,  on  both  geological  and  biological 
grounds.  With  regard  to  the  latter,  not  only  does  the  fauna  comprise  a  large 
number  of  existing  genera  of  mammals,  such  as  Macacusy  Semnoptfhecusy  ITrsuSf 
Elephas  (^Euelephas)^  Equusj  Mippopatam/ui,  CamelopardaUsf  Bos,  HysMw,  Mus^ 
and  especially  MeUivora^  Mele$,  Oapra^  Ome,  Oamelugf  and  Jbthizomys,  but  three 
out  of  six  or  seven  clearly  determined  species  of  reptiles,  viz.— (7rooo(2tltt#  palttS" 
tris,  Oharialis  gangeticus^  and  Pangthura  ^et^um— -are  living  forms  now  inhabit- 
ing  Northern  India,  whilst  all  the  known  land  and  fresh- water  mollusca,  witili 
one  possible  exception,  are  recent  species. 

These  data,  however*,  although  very  important  and  very  cogent,  belong  to  a 
class  of  facts  that  have  led,  I  believe,  in  other  cases  to  erroneous  conclusions. 
The  geological  evidence  ia  far  more  satisfactory,  and  it  is  not  liable  to  the  same 
objection. 

The  whole  Siwalik  fauna,  9s  given  above,  has  been  obtained  from  the  upper 
beds  of  a  great  sequence  or  system.  Beneath  the  fossiliferous  strata  at  the  Imiso 
of  the  North- West  Himalaya  there  is  an  immense  thickness,  amounting  in  places 
to  many  thousands  of  feet,  of  sandstones,  clays,  and  other  beds,  from  none  of  which 
recognisable  fossils  have  been  procured.  The  first  beds  of  known  age  that  are 
Diet  with  below  the  mammalif erous  Siwaliks  are  marine  rocks  belonging  to  the 
Eocene  system. 

But  as  we  pass  from  the  Himalayas  to  the  south-west,  along  the  western 
frontier  of  India  in  the  Punjab,  and  onwards  to  the  south  in  Sind,  the  same 
Siwalik  system  can  be  traced  almost  without  interruption,  and  in  the  last-named 
oountiy  the  lower  unf ossiliferous  strata  become  intercalated  with  fossiliferous 
beds.  In  Sind  the  upper  Siwaliks  no  longer  yield  any  Tertebrate  remains  that 
can  be  identified,  but  far  below  the  horiison  of  -the  Siwalik  fauna  a  few  bones 
have  been  found,  and  the  following  n^ammals  have  been  identified  ^ :— * 

CASinvoaA— ^M|»Auyofi  paUnndicug. 

TwowmotDMA—Masiodon  laiidetu,  M.  permetuis.  If.  falameri,  M,  pandionis,  M,  angui* 

tidsMs^  JHnaihermm  indicum,  D  Hndienae,  i>.  peuUpoiamia, 
UirauiATA — Rhimoeerot  «toa{e»«M,  var.  tnterm^uUf  Ac$roth0riftm  pmrimense.  A,  Uamfbrdi^ 

Sui  k^Mudrictu,  M^otherium  nndiente^  Anthraooikeriwn  tiUatretUB^  '^»  kgo^o^qmoid§9p 

*Fal  Ihdn  Mr.  x;  fieo.,  QwU  3wrv.  M^  18S3»  pp.  82^  &e. 
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Myopotamw   paUnndicns,   H,  ^igant€U9,    Hemimeryw    blanfordi,   Sivawiergx  Hudiemtu 
AgriookaruM  tp.  Doreatherium  majus,  D.  minus. 
EOKNTATA— JfaNit  (?)  tindiensis. 

Although  abont  one-third  of  the  species  above  named  haye  been  found  also 
in  the  upper  Siwalik  beds  of  the  Punjab,  it  is  unnecessary  to  point  out  in  detail 
whj  the  lower  Siwalik  fauna  is  clearlj  hj  far  the  older  of  the  two.  The  absence 
of  such  living  genera  as  Elephas,  Bos,  Equw,  &c.,  and  the  presence  of  so  many 
typically  Middle  Tertiary  forms,  such  as  Dindtheriwn,  AtUhrcusotherium,  and 
Hyopotamtis,  shows  a  great  change.  The  moUnsca  tell  the  same  tale.  All  the 
forms  known  from  the  upper  Siwaliks,  with  one  exception,  are  recent  species  of 
land  and  fresh.water  shells  now  living  in  the  area.  Of  seveti  fresh.water 
mollusca '  found  associated  with  the  lower  Siwaliks,  none  appears  to  be  identical 
with  any  living  species,  and  only  two  are  allied,  one  closely,  the  other  more 
remotely,  to  forms  now  met  with  in  Burma  30°  of  longitude  further  east; 

Before  proceeding  with  the  argument  it  is  as  well  to  call  attention  to  the  very 
important  fact  just  mentionedi  It  has  been  asserted  over  and  over  agun  that 
species  of  mammalia  are  peculiarly  short-lived,  far  more  so  than  those  of  moUusca, 
In  this  case,  so  far  as  the  evidence  extends  at  present,  one-third  of  the  species 
of  mammalia  survived  the  changes  that  took  place,  whereas  not  a  single  moUusk 
is  found  both  in  the  upper  and  lower  Siwaliks.  It  should  be  remembered  that 
the  recent  moUuscan  river  fauna  of  this  part  of  India  is  very  poor  in  species,  and 
that  we  probably  know  a  considerable  proportion  of  that  existing  in  Siwalik 
times. 

The  geological  age  of  the  lower  Siwalik  beds  of  Sind  is  shown  by  their  pass- 
ing downwards  into  marine  fossiliferous  beds,  known  as  the  Gdj  group,  of  Miocene 
age,  the  following  being  the  section  of  Tertiary  strata  exposed  in  the  hills  west  of 
the  Indus  :— 

Pt. 

«__.,__  ^.flipper  ,  .  5,000  anfoisniferoiif       .  .  Pliocene 

M^OHiS  )  ^®''®'  .  .  8,000  to  6,000  foMiliferoM  .  Upper  Miocene  or 
C                                                                                         Lower  Pliocene 

Oaj  .  1,000  to  1,600  foesiUferons  .  Miocene 

Kai>t            (Upper  .  •  4,000  to  6,000  nnfoBsiliferone  .  Lower  Miocene 

JSAJLI         -^  Lower  .  .       100  to  1,600  fossiliferone  .  Oligocene 

v-TFTiHro  Au  i  ^PP«'       •         .       600  to  8,000  f oMilif eroos       .  *)  «k^„^ 
Khiethab  ^j^^^  g^^      fog«liferons        .        J  Eocene 

Clearly  the  lower  Siwaliks  of  Sind  cannot  be  older  than  Upper  Miocene ; 
therefore  the  Upper  Siwaliks,  which  are  shown  by  both  biological  and  geological 
evidence  to  be  of  much  later  date,  must  be  Pliocene. 

Oondwana  system  of  India.-— In  the  peninsula  of  India  there  is  remarkable 
deficiency  of  marine  formations.  Except  in  the  neighbourhood  of  the  coast  or  of 
the  Indus  valley  there  is,  with  one  exception  (some  cretaceous  rocks  in  the  Ner. 
budda  valley),  not  a  single  marine  deposit  known  south  of  the  great  Oahgetic 
plain.  But  in  Bengal  and  Central  India,  over  extensive  tracts  of  country,  a 
great  sequence  of  fresh-water  beds,  probably  of  fluviatile  origin,  is  found,  to  which 
the  name  of  Gbndw&na  system  has  been  applied.    The  uppermost  beds  of  this 

1  Mem,  Qedl.  Surv.  Ind,,  tol.  zx,  pt.  2,  p.  129. 
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sjsiem,  in  Cutch  to  the  westward,  and  near  the  month  of  the  Gk)diLvari  to  the 
eastward,  are  interstratified  with  marine  beds  containing  fossils  of  the  highest 
Jnrassic  (Portlandian  and  Tithonian)  types. 

The  GondwAna  system  is  a  tme  system  in  the  sense  that  all  the  series  com- 
prised are  closely  connected  with  each  other  by  both  biological  and  phyEdcal 
characters,  bnt  it  represents  in  all  probability  a  mnch  longer  period  of  geological 
time  than  do  any  of  the  typical  European  systems.  The  highest  members,  as 
already  stated,  are  interstratified  with  marine  beds  containing  uppermost  Jnrassic 
fossils.  The  age  of  the  lowest  members  is  less  definitely  determined,  and  has 
been  by  different  writers  classed  in  yarions  series  from  middle  Garboniferons  to 
Middle  Jnrassic.  The  Gondw&na  beds  from  top  to  bottom  are  of  nnnsnal  interest 
on  acconnt  of  the  eztraordinaiy  conflict  of  palsBontological  evidence  that  they 
present. 

The  subdivisions  of  the  Gondwfina  system  are  numerous,  and  in  the  upper 
portions  especially  the  series  and  stages  are  different  in  almost  every  tract  where 
the  rocks  are  found.  The  following  are  the  subdivisions  of  most  importance  on 
account  of  their  fauna  and  flora,  or  of  their  geological  relations. 

r  Cntch  and  Jabalpiir. 

Upper  Qondwina <  KoU  Maleri. 

(.BajmahaL 

f  Pancbet. 

J  CKarfaarhtfrL 
\  (.Tilchir. 

The  upper  Gondw^nas,  where  best  developed,  attain  a  thickness  of  11,000  feet 
and  the  lower  of  13,000  feet. 

The  T&lchir  and  Bar&kar  subdivisions  are  far  more  generally  present  than 
anj  of  the  others. 

Tdlchir. — The  T&lchir  beds  consist  of  fine  silty  shales  and  fine  soft  sandstone. 
Very  few  fossils  have  been  found  in  them,  and  these  few  recur  almost  without 
exception  in  the  E!arharb4ri  stage.  The  T&lchirs  are  principally  ramarkable  for 
the  frequent  occurrence  of  large  boulders,  chiefly  of  metamorphic  rocks.  These 
bonlders  are  sometimes  of  great  size,  6  feet  or  more  across,  3  to  4  feet  being  a 
common  diameter ;  all  are  rounded,  and  they  are  generally  embedded  in  fine  silt. 

Karharbdri. — The  Earharbari  beds  are  found  in  but  few  localities.  They 
contain  some  coal-seams,  and  the  following  plants  have  been  met  with  *  :— 

CoviWMMM.-~ISurypkjfllmm,  1  tp. ;  VoUtia,  1 ;  Alheriia,  1 ;  SamaroptU,  1. 
Ctoadiacijb. — Qlofgosamiieg,  1 ;  NoBtf^eraihioptii,  1. 

TincEa.—IfemropteriSt  1;  Qlossopteris,  4;  Gangamopteris,  4;  SayeuopttrU,  1. 
^ViSwrACMM^Sckizoneura,  2  ;  Veriebraria,  1. 

The  most  abundant  form  is  a  Oangamopteris.  The  VoHzia  (F.  heterophylla) 
is  a  characteristic  Lower  Triassic  (Bunter)  form  in  Europe.  The  Neuropteris 
and  Albertia  are  also  nearly  related  to  the  Lower  Triassic  forms.  The  species  of 
Oangamopteris,  Olossopteria,  Vertebraria,  and  Noeggerathiopsis  are  allied  to  forms 
found  in  Australian  strata. 

'  FeiBtmantel :  PuUBoniolo$ia  Indiea,  Mr.  zii.  toI.  Hi. 
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J>am«&.-^T}ie  Damnda  series  consiBts  of  sandstones  aha  shales  with  coal- 
beds  ;  the  floras  of  the  different  subdivisions  present  bat  few  differences,  and  the 
following  is  the  list  of  plants  found  ^  :— 

CovimM,^RAijndop9U,  1  sp.*  Volttia,  1  j  8amar^pn»,  1 ;  Cgclapifyg,  1. 

Cyoadbaoub. — Fierophyllum,  2 ;  AnomoMamiie9, 1 ;  NoegfferaihiopiU,  8. 

FiXJCBS.— S^Amop^rif,  1 ;  Dickionia,  X ;  AUthopUrig,  4;  PeeapUrUt  1 ;  Merianopteris,  1 ; 
Macrot€Bniopieri$,  2;  Palmovittaria,  1;  An^opteridinmt  2;  Olo»90pteru,.  IV;  Oango:^ 
mopieru,  7 ;  BelemnopterU,  1 ;  AfUkroph^opns,  1 ;  D»o<yop<«ruI»tf«,]l ;  8agenopUri§,  4; 
Aeiinopierii,  1. 

EQUlSKAOSii.— *5f  ACeoiMsro,  1;  P^iloikeea,  8;  IVt^y^^a,  1 ;  Veriebaria,  1. 

The  only  remains  of  animals  hitherto  recorded  are  an  Estheria  and  two 
Labjrinthodonts,  Branchyops  latioeps  and  an  undescribed  form  formerly  referred 
to  Archegosawrtu.  The  only  European  genus  allied  to  Branchyops  is  of  oolitic 
age. 

The  most  abundant  of  the  above-named  fossils  are  Oloasopteris  and  Vertebrcb' 
ria.  With  the  exception  of  NoeggerathiopHs  all  the  cycads  and  conifers  are  of 
excessive  rarity.  More  than  one-half  of  the  species  known  are  ferns  with  simple 
undivided  fronds  and  anastomosing  venation. 

For  many  years  European  palsBontologists  generally  classed  this  flora  as 
Jurassic'  This  was  the  view  accepted  by  De  Zigno  and  Schimper,  and,  thoui^rh 
with  more  hesitation,  by  Banbury.  The  species  of  Phyllotheca^  Alethoptena  (or 
Peoqp^em),  and  Qlossopteris  (allied  to  Sagenopteris)  were  considered  to  exhibit 
marked  Jurassic  a£Bnities.  It  was  generally  admitted  that  the  Damuda  flora 
resembles  that  of  the  Australian  coal-measures  (to  which  I  shall  refer  presently) 
more  than  it  does  that  from  any  known  European  formation ;  but  the  Australian 
plants  were  also  classed  as  Jurassic.  There  is  no  reason  for  supposing  that  the 
more  recent  discoveries  of  Damuda  plants  would  have  modified  this  view ;  the 
identification  of  such  forms  as  true  Sagenopteris  and  the  cycads  Pterophyllum 
and  Aiwmozamites  would  assuredly  have  been  held  to  confirm  the  Jurassic  age  of 
the  beds.  So  far  as  European  fossil  plants  are  concerned,  the  Damuda  flora  re- 
sembles that  of  the  middle  or  lower  Jurassics  more  than  any  other. 

One  form,  it  is  true,  the  Schizoneura,  is  closely  allied  to  8.  paradoxa  from  the 
Bxmter  or  lower  Trias  of  Europe.  Other  plants  have  Rhastic  affinities.  But  the 
connections  with  the  Triassic  flora  do  not  seem  nearly  equal  to  those  shown  with 
Jurassic  plants,  and  the  reason  that  the  Damuda  flora  has  been  classed  as  proba- 
bly Triassic  must  be  sought  in  the  impossibility  of  considering  it  newer,'  if  the 
next  overlying  stage  is  classed  as  Upper  Trias  or  Bhasiic,  and  in  the  close  affinity 
with  the  underlying  Elarharbfiri  beds,  which  contain  several  Lower  Triassic 
types. 

Panchet, — ^The  uppermost  series  of  the  lower  G-ondw&nas  consists  chiefly  of 
sandstone,  and  fossils  are  rare.     The  most  interesting  are  remains  of  Beptilia  and 

1  Pal.  Ind,y  ser.  ii.  xi.  xii.  Tol.  iii. 

*  De  Ziij^o :  Flora  Fo$9%Um  Form.  OoL  pp.  60,  &8;  Schimper;  TraUS  de  PaUoiUotogU  V^M§ 
i.  p.  646 ;  Banbarj ;  Q.  J,  G.  8, 1861,  ZTii.  p.  860. 

*  FdBtmantel  j  Pal.  Ind,,  Mr.  zu.  voL  Ui  pp.  67, 129,  &^ 
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Amphtbiom     The  following  is  a  list  of  the  fossil  animiilis  and  p-lahts  oarreoted  to 

ilie  present  time : — 

ANIMALS. 

liSPTILlA. 
T^ivoa  kVniA,—AnriMirod'm,  1  tip. 

l>lOTlfOJK>MTIA. — Dieynodom  {PiyekopuaHkus),  2. 

AMPHiaiA. 

0RUSTAC8A. 
L 

PLANTS. 
ContfWRM.'^SMidropni,  1. 

Ftuom.'^P^oopterU,  1  ]  O^ettfpUHg,  1 ;  TUnmfisldUi,  1 1  OUtindndimm,  I ;  OhUftpUru,  3. 

The  Sehisoneura  and  the  three  Bpecies  of  OloMopt^rU  are  considered  the  same 
as  Datnnda  forms.  Bat  with  them  are  found  two  £aropean  Bhsdtic  species, 
PeoopterU  eoncinna  and  OydopttriB  padkyraehis.  The  Oleatidridiwn  is  also  closely 
allied  to  a  Enropean  Bhaetic  form,  and  may  be  identical.  The  flora  may  thus  be 
classed  as  typically  Bheetic. 

All  the  genera  of  Liibyrinthodonts  named  are  pecidiar ;  their  nearest  Enropean 
allies  are  chiefly  Triassic.  Dicynodontia  are  only  known  with  certainty  from 
India  and  Sonth  Africa,  bat  some  forms  believed  to  be  nearly  allied  have  been 
described  from  the  Ural  monntains.'  These  fossils  were  obtained  from  rocks 
now  referred  to  the  Permian.' 

Upper  Qondwdnas.— The  different  series  of  the  lower  Oondw&nas  are  fonnd  in 
the  same  area  resting  one  i:^pon  the  other,  so  that  the  sequence  is  determined 
geologically.  This  is  not  the  case  with  the  upper  Gondwdna  groups ;  their  most 
fossiliferous  representatives  are  found  in  different  parts  of  the  country,  and  the 
relations  to  each  other' are  mainly  inferred  from  paladobotanical  data.  Although, 
therefore,  it  is  probable  that  the  Bdjmahals  are  older  than  the  Cutch  and  Jabal- 
pur  beds,  and  that  the  Kota-Maleri  strata  are  of  intermediate  age,  it  is  quite 
possible  that  two  or  more  of  these  series  may  have  been  contemporaneously 
formed  in  regions  with  a  different  flora. 

BdjmahdU — The  comparatively  rich  flora  of  the  lowest  upper  GK>ndw£na  series 
is  contained  in  beds  interstratified  with  basaltic  lava-flows  of  the  fissure-eruption 
iype.    The  following  are  the  genera '  of  plants  found  : — 

CosinMM, — PaUsaya,2   8p.|    Cmiiitii^Aafm/ef,  1  j  Chirolepu,  2;   Ar'iucarites,  1 ;  Echino* 

itroUUt  1. 
Cycadiaome. — Ptercphyllum,  9 ;  Piitopkyllum,  1 ;  OtotamiUt,  9 ;  Zamitet,  1 ;  Victyozo' 

mii9*,  1 ;  Cyeaditet,  2;  fFHlU^m^onia,  2;  Cj^eadimoo^rpug,  1. 
Fmon. — Brem&piBriit  2)  DcnnUtioide$tl;  Didk^omia,  I ;  JEfymemtpkyUiiu,  1 1  CylopiBrU, 

J  I   Thimmfeldiiip  1 ;   OUieietUa^   1 ;  AUihopteri*,  1  j    AMplenitta^   1 ;   PtcopierU,   1 ; 

M**eraimit%optH^n,  4 ;  Angiopieridimmt  3;  DanaoptU,  1;   Shizomopieris,  1. 
EqpibstaOBJL — Jiquuetum, 

^  Huxley ;  Q.  J.  O,  8„  xxti.,  p.  48. 

*  Twelvetrees ;  Q.  J.  Q,  8^  zxzviii.  p.  600. 

*  Fal,  Ind,  ser  ii. ;  Feistoiabtel ;  Mecords,  Gi  S,  /.,  ix  ,  p.  dd. 
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The  marked  change  from  ihe  lower  Gkmdw£na  floras  is  visible  at  a  glance ;  not 
a  single  species  is  common  to  both,  most  of  the  genera  are  distinct^  and  the 
difference  is  even  greater  when  the  commonest  plants  are  compared.  In  the  lower 
G-ondw^nas  the  prevalent  forms  are  EquisetaoecB  and  ferns  of  the  Qlossopteris  type, 
whilst  in  the  Bfijmah61  flora  cjcads  are  by  far  more  abundant  than  any  other 
plants.  The  whole  assemblage,  moreover,  is  more  nearly  allied  than  are  any  of 
those  in  the  lower  Gondw^oia  beds  to  European  Mesozoic  floras. 

Of  the  £Uijmah61  plants  ^  about  fifteen  are  allied  to  Bhsetic  European  forms, 
three  to  Liassic  or  lower  Jurassic  (two  of  these  having  also  Bhietic  affinities),  and 
six  to  Middle  Jurassic  (two  having  Rhastio  relations  as  well).  The  flora  must 
therefore  as  a  whole  on  purely  palaaontological  grounds  be  classed  as  Rhastic. 

KoixuMaleri. — The  deposits  belonging  to  this  series  are  found  in  the  Ood&vari 
valley  at  a  considerable  distance  from  the  Bajmah^l  hills  in  Bengal,  the  locality 
for  the  Rdjmahal  flora. '  Both  Bajmah&l  and  Kota-Maleri  beds  overlie  rocks  of 
the  Damuda  series.  It  is  not  quite  clear  whether  the  Kota  beds,  which  contain 
fish,  insects,  and  crustaceans,  and  the  Maleri  beds,  in  which  remains  of  fish« 
reptiles,  and  plants  are  found,  are  interstratified,  or  whether  the  Kota  beds  overlie 
those  of  Maleri.    That  the  two  are  closely  connected  is  generally  admitted. 

From  the  Maleri  beds  the  following  remains  have  been  recorded . — 

ANIMALa 

BiPTiLlA. — Stfp$rodap9d<m,  1 1  Parantehus,  1, 

PiBOBB. — Ceratwiug,  8» 

PLANTS. 

CoiriFKBJE. — PalUtya,  2 ;    ChiroUp%$,  1 ;   AraucaritBS,11, 
Ctcadeaobjb. — PtilophylUtm,  1 ;  Cyoadites,  U 
FiLlCBB. — Anffiopteridium,  1. 

From  the  Kota  fresh-water  h'mestone  9  species  of  ganoid  fish — viz.  5  of 
LepidotuSf  3  of  Tetragonolepisy  and  1  of  Bapeditu — ^have  been  described.  An 
Ustheria,  a  Oandona^  and  some  insects  have  also  been  found.  The  fish  *  are  Liaasic 
forms. 

The  reptilia  of  the  Maleri  beds  are,  on  the  other  hand,  Triassic  '  and  closely 
allied  to  Keuper  forms.  Oeratodus  is  chiefly  Triassic  (Keuper  and  Bhastic).  The 
plants  show  relations  with  both  the  B^jmahdl  and  Jabalpur  floras,  and,  as  the 
palsdontological  relations  to  beds  in  the  same  country  are  considered  far  higher  in 
importance  than  those  to  deposits  in  distance  regions,  the  Kota-Maleri  beds  are 
classed  as  intermediate  between  the  B4jmah41  and  Jabalpur  epochs. 

Outch  and  Jabalpur, — Jabalpur  beds  are  found  in  Central  India  to  the  south 
of  the  Nerbudda  valley,  and  form  the  highest  true  Gondw&na  beds.  The  Cutch 
beds,  as  already  mentioned,  are  found  iaterstratified  with  marine  deposits  of 
uppermost  Jurassic  age  far  to  the  westward,  a  little  east  of  the  mouths  of  the 
river  Indus.  The  similarity  of  the  plant-remains  in  the  two  series  has  caused 
them  to  be  classed  together,  but  it  is  not  certain  that  they  are  really  of  contem- 
poraneous origin* 

1  Feifttnsntel,  Pal.  Ind.,  ser.  ii.,  pp.  143 — 187;  Mtn.  Geol,  Ind.^  p.  145. 
*  Pal,  Ind,,  Ber,  iv.,  pt.  2. 

>  Q.  J.  Q.  S,  1869,  pp.  138, 152,  &c, ;  1875,  p.  427;  Pal,  Ind.,  ser.  it.,  pt.  3 ;  Man,  Qeul.  ImL 
p.  151. 
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The  'following  is  a  list  of  the  Jabalpnr  plants^  : — 

CovmiUB.— PaUf«ya,  2  j  AramcarUei,  I ;  Sehinottrobus,  2 ;  Sraehyphyllnm,  1 ;  Taxiisi,  1 ; 

QingkOy  1 ;   PkwdeopHt,  1 ;  Czekunototkia,  1. 
Ctcadbac&b. — Pteroph^Uum,li  I*itlophyUum,2;  JPodotamitM  Z ;  OtoxamiiBt,  4;  William' 

9ania,  1 ;   CyeadiUs,  1. 
FzxjOB8.~5^0iiOj»lm«f  1;    DiOitfOiMif^  1 ;  AUtkopieru,  S;  Maerotmmiopterit,  1;   QlouO" 

pUrii,  I  i  Sagiemopieriif  h 

Of  these  thirty  species  nine  are  regarded  either  as  identical  with  forms  found 
in  the  Middle  Jurassic  (Lower  Oolitic)  of  England  or  as  closely  allied. 
The  Gntch  plants  belong  to  the  following  genera^ : — 

CONIPBBJB. — PaUstyOt  8  8p.;  Paehyphtfllum,  i;  EchinottrobuMt  1;  AraueariUs,  1. 
CrCAnsAOXJB. — Ftitophyllmm,  S ;  OtotamiieM,  9 ;  CycadUe*,  I;  WUUtmBOnia,  1;   Oyeadole* 

pi9,U 
'FnJoiaj^'Oleandridiumf  1;  TwUopieritf  I;  Ale^iopieru,  1;  Feeopterit,  X ;  Paehypteri§ 

2 ;  Actinopteris,  "L 

Of  the  twenty-two  species  enumerated,  four  are  identified  with  specific  forms 
found  in  the  Middle  Jurassic  of  Yorkshire,  and  seven  others  are  closely  allied. 
The  Gntch  and  Jabalpur  beds,  in  short,  are  intimately  related  with  European  fossil 
floras. 

One  interesting  fact  should  be  mentioned.  The  Gutch  flora  occurs  in  the  upper 
part  of  the  Umia  beds,  the  lower  beds  of  which  contain  e^^a2qpo(2a  of  Portlandian 
and  Tithonian  forms.  In  a  lower  subdivision  of  the  Gutch  Jurassic  rocks,  the 
Katrol  group,  shown  by  numerous  Ammonites  to  be  allied  to  Kimmeridge  and 
upper  Oxford  beds  of  Western  Europe,  four  species  of  plants  have  been  found,  of 
which  three  are  met  with  in  the  Umia  beds,  and  the  fourth,  an  English  oolitic 
form,  in  the  Jabalpur  series.  This  evidence  seems  in  favour  of  the  view  that  the 
flora  underwent  change  more  slowly  than  the  marine  fauna. 

It  will  be  as  well,  before  leaving  the  subject  of  the  Gbndw&na  groups,  to  show 
in  a  tabular  form  the  geological  age  assigned  to  the  flora  and  fauna  of  each 
separately,  on  the  evidence  afforded  by  comparison  with  the  plants  and  animals 
known  from  European  formntions. 


/Cateh        •        .        •         . 
Jabalpur    •         .         •         • 

Plavts. 

AHIlfAIS. 

Iliddle  Jtteaie  . 
Middle  Jarassic  . 

• 
• 

Uppermoat          Jaraaaio 
P  Neocomian  (murine). 

Upper 
Gondwina 

Kota          .... 

— 

Lower  Joraasie  (Liaaaic). 

Haleri       .... 
VR^jmabil  .... 

Middle       or      Lower 
Jaraagic   . 
Rbfstio 

Triaaaic 

Lower 
Gondwina 

/Panchet     .... 
(  Damada     .... 

Rbetic       . 
Middle  Juranio  . 

• 

Triaaaic  or  Permian. 
Middle  JaraMioP 

I  Karharbiri,  Talcbir      . 

Lower  Triaaaic    . 

« 

— 

'  Fal,  Ind.,  aer.  xi.,  pt.  2. 


*  F/iL  Ind,,  aer.  xi.,  pt.  1. 
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Flora  of  Tonquln, — Qnite  recently  M.  Zeiller  has  described  a  series  of  pUmts 
from  some  coal-bearing  beds  in  Tonqnin.^  This  flora  is  r^arj  exlraofdinary  in 
every  respect.  It  consists  of  22  species,  and  contains  only  two  pecniiar  forms 
ten,  or  nearly  one-half,  are  European  species  found  in  the  lower  Lias  or  Rhastic  ; 
whilst  of  the  remaining  ten,  five  are  ThmvA^kioTm^'-Noeggerathiopna  h%9lopi^ 
Macrotoeniopteris  feddeni,  Palceovittaria  kurzi,  Qlo89opteris  hrownianth  a&d  PhyU 
lotheca  indica^  one  species  being  common  to  the  Newcastle  beds  and  Carboniferoiis 
flora  of  Aastralia  and  two  others  closely  allied  to  the  forms  there  occniring. 
The  other  five  are  said  to  be  BijmahAl  forms,  fonr  Tmwiopterie  or  Angiopteridium 
and  an  Otozamites,  M.  Zeiller  unhesitatingly  classes  the  Tonqnin  beds  as 
BhflBtic.  It  is  most  singnlar  that  these  coal-beds^  although  more  distant  from 
Europe  by  18^  of  longitude  than  either  the  Damuda  or  Bdjmahal  beds  of  India, 
contain  a  larger  proportion  of  European  fossil  species  than  any  known  Indian 
plant-beds  ;  whilst  the  association  in  the  same  strata  of  upper  and  lower  Gtmd- 
wana  forms,  if  well  ascertained,  shows  how  hopeless  is  the  attempt  to  classify 
these  deposits  by  plant  evidence  alone. 

Australian  OoaUMeaeures  and  Aesooiaied  Beda.^^In  the  noHo»el  the  lower 
Gondwdna  floras  of  India  it  was  observed  that  there  was  a  great  resemblanoe 
between  some  of  them  and  those  found  in  eertam  beds  of  Australia.  These  latter 
present  even  a  more  remarkable  instance  of  homotazial  perversity  than  do  ^kid 
Indian  rocks.  The  Australian  plant-bearing  beds  are  found  in  Eastern  and 
Southern  Australia,  Queensland,  and  Tasmania.  For  a  knowledge  of  the  geology 
of  the  countiy  we  are  chiefly  indebted  to  the  writings  of  the  late  Mr.  Clarke,' 
whilst  the  flora  has  been  worked  out  by  McCoy,  Dana,  Garrathers,  and  Feist- 
mantel,  the  last  having  recently  published  a  muoh  more  complete  aooount  than 
was  previously  available.* 

The  following  are  the  fresh-water  or  suba@rial  beds  of  Ausiafalia,  aoeording 
to  the  latest  classification : — 

6.  Clarence  Rirer  beds,  'Sew  Soath  VTalev  (Mesosoic  csrbonficeons  of  QacemkiBd,  Yle- 

torin,  and  TnBniania). 
6.  Wianamatte  beds,  N.  S.  WbIbb, 

4.  Hawketbuxy  beds,  K.  8.  Wales  (Bacchns  Manh  landstones,  Victoria). 
8.  NewcHBtle  beds,  N.  S.  Wales. 

2.  Lower  Coal-Measnros  with  marine  layers  interstratified,  N.  S.  Wales. 
1.  Lower  Garboniferoav  beds.*N.  $•  Wales. 

To  a  still  lower  horizon  probably  belong  some  beds  in  Queensland,  containing 
Lepidodendron  nothum  and  Oyclostigma,  They  are  considered  Devonian  by  Car- 
ruthers,  and  there  are  some  ancient  plant-beds  in  Victoria  that  may  be  of  the 
same  period. 

1.  Lower  -  Oarhoniferoua  Beds. — These  underlie  the  beds  with  a  Carboniferous 
marine  fauna.  The  localities  given  are  Smith's  Creek,  near  Stroud,  Port  Ste- 
phens, and  Arowa.     The  following  plants  are  enumerated : — 

LTCOroDUOaB.—- Cy<;^o'^«,^ma»  1  ap,;  Lepidodemdron^  2  or  8;   Kjtorrio,  I. 

1   Bull,  Soe,  OM,,  ser.  iii.,  yol.  xi.,  p.  456. 

'  Q.  J.  O.  8,  1861.   p.  864,   and  R^markt  on  the   Sedimentary   Formationa  *>f  iVetr   Swik 
WaUi*t  1878,  besides  nninerons  otber  works. 

'  Falaoniograpliica* — PaL  «.  mes.  Flora  im  &itl.  Austialieu,  1S78'79. 
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Kqvibstaobls.—  CalamitBS,  2 ;  Sphenophyllum,  1« 

This  flora  coDtains  several  species  identical  with  those  in  the  Lower  Carbo- 
niferous (Bemician)  of  Enrope,  eorresponding  to  the  mountain  limestone.  The 
agreement  both  in  homotazis  and  position  is  the  more  remarkable  because  of  the 
startling  contrast  in  the  next  stage.  The  only  pecnliaritj  is  the  presence  of  a 
Olossopteris,  This  comes  from  a  different  locality — Arowa — from  most  of  the 
fossils,  and  the  species  is  identical  with  one  found  in  a  much  higher  series.  Under 
these  circumstances  it  is  impossible  to  feel  satisfied  that  the  specimen  was  neaU^ 
from  this  hcMison.     The  eyidenoe  is  not  so  clear  as  is  desirable. 

2.  Lower  OoaUMeasures  with  Mcurine  Beds, — The  following  plants  axe  ra- 
corded: — 

Ctoadxackji. — Tfoeggerathiopnt,  1  sp. 

£Qi7i8iTAOBJE.~^it»if/ar»a,  1;  Phflloiheea,  1. 

In  the  marine  beds,  which  are  interstratified,  are  found  lower  Carboniferous 
(mountain  limestone)  marine  fossils  in  abundance,  such  as  Orihoeera$,  Spirifer^ 
Fenestella,  Gonularia,  Ac.  The  plants  belong  to  forms  declared  to  be  typically 
Jurassic  by  paleeontologists.  As  the  interstratification  of  the  marine  and  plant. 
bearing  beds  has  been  repeatedly  questioned  by  palseontologists,  it  is  necessary  to 
point  out  that  the  geological  evidence  brought  forward  by  Mr.  Clarke  is  of  the 
clearest  and  most  convincing  character,  that  this  evidence  has  been  confirmed  by 
all  the  geologists  who  are  acquainted  with  the  country,  and  has  only  been  doubted 
by  those  who  have  never  been  near  the  place. 

3.  Newcastle  Beds. — Bj  all  previous  observers  in  the  field  these  had  been 
united  to  the  preceding  and  the  flora  declared  to  be  the  same.  Dr.  Feistmantel 
has,  however,  pointed  out  important  differences.  Unfortunately,  as  he  has  been 
unable  to  examine  the  beds,  it  still  remains  uncertain  whether  the  distinction, 
which  has  been  overlooked  by  all  the  field  geologists,  is  quite  so  great  as  it 
appears  from  the  lists  of  fossils  given.    The  following  is  the  flora . — 

CovTwrnM*-^  Brttckffphgllvm,  1  tp. 

CtoaDsacbjc — ZeugophyUiteM,  1 ;  NoeggertUkiopsis,  3. 

FnJCBfl. — SphenopierUt,  4 ;  Qloswpteris,  8 ;   Oangamopieru,  2 ;  CaulopterU  (?),  1, 

'Rq;UJAWikQTiM,—Phgll9th€ca^  1 }  Veriebrcuria,  1, 

The  only  animal  known  from  the  beds  is  a  heteroeercal  ganoid  fish,  TJrosth&nes 
australis,  a  form  with  Upper  Palseozoic  affinities. 

It  will  be  noticed  that  the  difference  from  the  flora  of  the  underlying  beds 
associated  with  marine  strata  is  chiefly  specific,  and  by  no  means  indicative  of 
great  difference  of  age,  though  the  only  species  considered  as  common  to  the  two 
by  Dr.  Feistmantel  is  Olossopteris  hrowniana,  found  also  in  the  Damuda  series  of 
India,  in  Tonquin,  and  in  South  Africa^ 

The  plant  fossils  of  the  Newcastle  beds  and  of  the  vpderlying  series  with 
xnarine  fossils  are  those  which  exhibit  so  remarkable  a  similarity  to  the  flora  of 
the  Indian  lower  Gondwdnas,  and  especially  to  the  Damudas.  The  same  genera 
of  plants,  especially  Noeggerathiopsis^  Qlossopterisy  FhyUotheca^  Vertehraria  prevail 
in  both.     But  the  lower  beds  of  Australia,  to  judge  jby  the  marine  fauna,  are  of 
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Lower  Carboniferous  age,  and  it  is  impossible  to  suppose  that  the  Newcastle  beds 
are  of  vexy  mach  later  date.  Thej  are  said  to  be  conformable  to  the  lower  beds 
with  marine  fossils,-  and  even  to  pass  into  them,  and  they  should  probably,  if  the 
lower  beds  are  Lower  Carboniferous,  be  classed  as  Middle  or  Upper  Carboniferous. 
Thas  if  the  evidence  of  marine  faunas  be  accepted  as  decisiye,  the  Damuda  beds 
of  India  are  homotazially  related  to  Jurassic  strata  in  Europe  and  to  Carboni- 
ferous in  Australia. 

But  the  Australian  Newcastle  flora  has  been  quite  as  positively  classed  as 
Jurassic  by  European  palaBobotamsts  as  that  of  the  Damudas.  It  would  be  easy 
to  quote  a  long  list  of  authorities — ^McCoy,  De  Zigno,  Saporta,  Schimper,  Carru- 
tfaers,  and  others — in  support  of  the  Jurassic  age  of  the  Australian  beds.  For 
years  the  testimony  of  Australian  geologists  was  rejected,  and  doubts  thrown 
upon  their  observations.  There  is,  so  far  as  I  know,  no  case  in  the  whole  history 
of  palsBontology  in  which  the  conflict  of  pal»ontological  evidence  has  been  so 
remarkably  displayed. 

4.  HatpJceshury  Beds, — ^The  fauna  and  flora  are  poor.  Only  two  fish,  Olithrolepis 
granulatiiB  and  Myriolepis  darkei,  and  one  plant,  Thtnnfeldia  odoniopierotdes^  are 
known,  and  of  the  three  forms  two  recur  in  the  Wianamatta  beds. 

An  important  character  of  the  Hawkesbuiy  beds,  to  which  further  reference 
will  be  made  presently,  is  the  occurrence  of  transported  boulders,*  apparently 
brought  thither  by  the  action  of  ice. 

Similar  boulders  have  been  observed  in  certain  sandstones  in  Victoria  known 
as  the  Bacchus  Marsh  beds.  From  these  beds  two  species  of  Oangamopteris  have 
been  described  by  McCoy.  Oangamopteris,  it  should  be  recollected,  is  a  genus 
of  ferns  closely  allied  to  Olassopteris  and  abundant  in  the  Damuda  and  still  more 
so  in  the  Karharb&ri  beds  of  the  lower  Oondwdnas  in  India. 

5.  Wianamaita  Beds, — These  are  the  highest  portion  of  the  whole  system  in 
New  South  Wales.    They  contain  the  following  organic  remains : — 

ANIMALS. 
ViBOsa.^Palaoniteui  anUpodfut,  CUthrolepis  granuUUuSn 

PLANTS. 

FiLlOBS. — Thinnfeldia   (Peeopierit)  odoniopteroides,  OdontopUrii  mieropkyUa,  Peeopteris 

UnuiJoUa,  TmmiopierU  wianamotim, 
Eqvibbtaobjs. — PhifUoiheca  hookeri. 

The  fish  from  the  Wisnamatta,  Hawkesbury,  and  Newcastle  beds,  four  in 
number,  were  considered  as  a  whole  by  Sir  P.  Egetton  to  be  most  nearly  allied  to 
the  Permian  fauna  of  Europe. 

The  Wianamatta  plants,  like  those  in  the  lower  beds,  are  classed  as  Jurassic. 

6.  Higher  Mesozotc  Beds, — These,  which  do  not  appear  to  have  bebn  traced  into 
connection  with  the  Wianamatta  and  Hawkesbury  beds,  occur  in  widely  separated 
localities,  from  Queensland  to  Tasmania.  The  correlation  of  these  widely  scattered 
deposits,  and  the  assignment  of  them  collectively  to  a  position  above  that  of  the 

*  Wilkinson,  quoted  by  Feistmantd,  Bee,  Qeol.  Snrv.  /m2*,  1880,  p.  250. 
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Wianamatta  beds,  appear  solely  founded  upon  the  fossil  flora,  and  it  would  be 
satisfactory  to  baye  in  addition  some  geological  evidence  or  some  palasontological 
data  derived  from  marine  fossils.  Tbe  Queensland  flora  is  said  to  occur  in  beds 
overlying  marine  strata  of  Middle  Jurassic  age. 

Tbe  following  plants  are  recorded  from  tbese  bigber  beds  :— 

Ctoadbacxs. — ZamiUa  (Podotamites),  8  sp.;  (Hozamite*,  I, 

TiidCEB.-- Sphenopierit,  1;  Tkinnfeldia,  1 ;  CyelopterU,  1 ;  AUthopteris,  1 ;  TtnUopterii,  1 ; 

8agen9pter%9,  1. 
Bquibbtacia—  JPkyUotheea,  1. 

Tabulating,  as  in  tbe  case  of  tbe  Indian  Oondw&na  system,  tbe  age  of  tbe 
different  Australian  sub-divisions  as  determined  by  tbeir  fossil  plants  and  animals 
on  purely  palaeontological  g^unds,  we  bave  tbe  following  result : — 


m 

Plants. 

6.  Higher  Mesosoic  beds         • 

Jurassic 

Jurassic  (marine). 

Jurasnc 

Permian, 

4.  Hawkefbmy  bedB 

Jnraasic          • 

Permian. 

3.  Newcastle  beds          . 

Jurassic 

Permian. 

2.  Lower  CoAl-Measnres         » 

Jurassic 

Lower  Carboniferous  (marine). 

1«  Lower  Carbonif  eroui  bedi  . 

Lower  Carboniferous 

South  Africa, — In  connection  witb  tbe  later  Palasozoic  and  older  Mesozoic 
rocks  of  Australia  and  India  it  is  of  importance  to  mention  briefly  tbe  correspond- 
ing fresb-water  or  subaerial  formations  of  Soutbom  Africa,  altbougb  in  tbat 
country  tbere  are  not  sucb  marked  discrepancies  in  tbe  palasontological  evidence, 
perbaps  because  tbe  relations  of  tbe  beds  witb  remains  of  animals  to  tbe  plant- 
bearing  strata  are  less  clearly  known.  It  will  be  sufficient  to  notice  some  of  tbe 
most  prominent  peculiarities  of  tbese  formations  bere,  as  I  bope  tbat  a  fuller 
account  will  be  given  to  tbe  section  by  Professor  Rupert  Jones,  wbo  bas  made  an 
especial  study  of  Soutb  African  geology. 

In  tbe  interior  of  Soutb  Africa,  occupying  an  immense  tract  in  tbe  nortbem 
parts  of  Cape  Colony,  tbe  Orange  Free  State,  Transvaal,  and  tbe  deserts  to  tbe 
westward  of  tbe  last  two,  tbere  is  a  great  system  of  sandstones  and  sbales  witb 
some  coal-beds,  generally  known  as  tbe  '  Karoo  formation.'  Tbe  sequence  of  sub* 
divisions  is  tbe  following^: — 


Btormberg  beds,  about  1,800  feet  thick. 
Beaufort      „        „      1,700    „ 
Koonap         „        „      1,600    „ 


M 


9f 


The  beds  are  but  little  disturbed  in  general,  and  form  great  plateaux.     Tbey  rest 
partly  on  PalsDozoic  rocks  (Carboniferous  or  Devonian),  partly  on  gneissic  forma- 


1  Q.  J.  G.  S.,  zxiu,  1867,  p.  142. 
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tions.     As  in  Aastralia,  the  Hiul^lying  PaliBozoic  rooks  oontnn  a  flota  allied  to 
the  Garboniferoas  floia^  of  Europe. 

At  the  base  of  the  Karoo  formation  are  certain  shales  with  ooal,  known  as  the 
Eoca  beds,  and  remarkable  for  containing  a  great  bonlder*bed,  the  Ecoa  or  Dwjka 
conglomerate,^  like  those  in  the  Tilchir  beds  in  India  and  the  Hawkesbniy  sand- 
stone in  Anstralia,  the  boulders,  precisely  as  in  the  Tilchir  beds,  being  embedded  in 
fine  compact  silt  or  sandstone,  which  in  both  countries  has  been  mistaken  for  a 
Tolcanic  rock.  The  Ecca  beds  are  said  to  contain  Olossopten^  and  some  other 
plants,  but  the  accounts  are  as  yet  somewhat  imperfect.  The  whole  Kaixx)  system, 
according  to  the  latest  accounts,  rests  unconformably  on  the  Ecca  beds,  whilst  the 
Ecca  beds  are  conformable  to  the  underlying  Paleozoic  strata. 

Unfortunately,  although  a  considerable  number  of  animals  and  a  few  plants 
have  been  described  from  the  *  Elaroo  formation,'  it  is  but  rarely  that  the  precise 
sub-division  from  which  the  remains  were  brought  has  been  cleariy  known. 

The  known  species  of  plants  are  vexy  few  in  number ;  Olossapteris  hroumiana, 
and  two  other  species  of  Olossopteris,^  Uubiffgea,  a  fern  nearly  akin  to  Oangamo' 
pteris  and  OlostopteriSp  and  a  PhyUothecaAike  stem  are  recorded,  without  any 
certain  horizon,  but  probably  from  the  Beaufort  beds.  There  is  no  doubt  as  t& 
the  close  similarity  of  these  plants  to  those  from  the  Damudas  of  India  and  the 
Newcastle  beds  of  Australia. 

From  the  Stormbeig  beds  there  are  reported  Peoopteris  or  Thinnfeldia  odonto-' 
pteroideSf  OydopterxB  cuneata,  and  Ttdniopieris  daijUreeif  three  of  the  most 
characteristic  fossils  of  the  uppermost  plant^beds  in  Australia,  and  all  found  in 
the  Upper  Jurassic  Queensland  beds. 

The  animals  found  in  the  Karoo  beds  ^  are  more  numerous  by  far  than  the 
plants.  The  greater  portion  have  been  procured  from  the  Beaufort  beds.  They 
comprise  numerous  genera  of  dicynodont,  theriodont,  and  dinosaurian  reptiles, 
two  or  three  genera  of  labyrinthodont  amphibians,  some  fish  allied  to  PaUBonisous 
and  Amhlyplerus^  and  one  mammal,  Tritylodon.  Of  the  above  the  Tritylodon  and 
some  reptilian  and  fish  remains  are  said  to  be  from  the  Stormberg  beds. 

Tritylodon  is  most  nearly  related  to  a  Rhastic  European  mammal.  The  relations 
of  the  reptiles  called  Theriodontia  by  Sir  R.  Owen  are  not  clearly  defined,  but 
representatives  of  them  and  of  the  Dioynodontia  as  already  noticed  are  said  to  be 
found  in  the  Permian  of  Russia.  The  Qlossopteris  and  its  associates  may  of  coarse 
be  classed  as  Carboniferous  or  Jurassic,  according  to  taste.  Neither  the  fauna  nor 
flora  show  sufficiently  close  relations  to  those  of  any  European  beds  for  any  safe 
conclusions  as  to  age,  even  if  homotazis  and  synchronism  be  considered  identical. 
On  the  other  hand  there  are  remarkable  points  of  agreement  with  the  faunas  and 
floras  of  the  Indian  and  Australian  rocks. 

Away  from  the  typical  Karoo  area  on  the  coast  south  of  Natal  there  is  found  a 
series  of  beds,  partly  marine,  sometimes  called  the  Uitenhage^  series.     A  few 

1  Sutherland,  Q.  J,  (?.  &,  xxvi,  p.  514. 

s  One  dsMed  by  Tate  as  D%ctyt,pt§ru,  Q.  J.  Q.  8.,  xziii,  p.  141. 

*  Dnnn,  '  Report  on  Stonnberg  Coal- Field,'  Oeol,  Map.,  1879,  p.  65S« 

*  Owen,  '  Cat.  Fom.  Rept.  S.  Africa,  Brit.  JAxul,  1876,  Ac. 

*  Q.  J.  G,  8.,  xxvii.,  p.  144, 
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cycadji  (^OtozamUes^  Podozamitea^  Pterophyllum),  a  conifer,  and  ferns  (Pecopteris  or 
AlethopterU^  Sphenopteria,  OyclopteriB)  are  quoted  from  them,  and  three  or  four  of 
the  forms  are  closely  allied  or  identical  with  species  found  in  the  B&jmahil  beds 
of  India. 

It  was  at  first  supposed  that  the  plant.bearinf;c  ^^^^  were  lower  in.position  than 
those  containing  marine  fossils,  and  the  whole  of  the  Hitenhage  series  was  con- 
sidered as  of  later  age  than  the  Elaroo  beds.  The  marine  beds  were  considered 
Middle  Jurassic.  Subsequently,  howeyer,  Stow^  showed  conclusively  that  a  por- 
tion of  the  marine  beds,  judging  by  their  f ossils^  are  of  uppermost  Jurassic  or  even 
Neooomian  age,  and  also  that  the  relation  of  the  plant-bearing  beds  to  the  marine 
strata  are  far  less  simple  than  was  supposed.*  Indeed,  to  judge  from  Stow's  ac- 
count, it  is  by  no  means  clear  that  a  portion  of  the  wood- bed  series  or  saliferous 
series,  to  which  the  plant-beds  belong,  is  not  higher  in  position  than  the  marine 
Jurassic  strata. 

There  is  a  very  extraordinary  similarity  between  the  geology  of  the  southern 
part  of  Africa  and  that  of  the  peninsula  of  India.  In  both  countries  a  thick  fresh- 
water formation,  without  any  marine  beds  intercalated,  occupies  a  large  area  of 
the  interior  of  the  country,  ^hilst  on  the  coast  some  marine  Jurassic  and  cretar 
oeons  rocks  are  found,  the  former  in  association  with  beds  containing  plants. 
The  coincidence  is  not  even  confined  to  sedimentary  beds.  As  in  India  so  in 
South  Africa,  the  uppermost  inland  Mesozoic  fresh-water  beds  are  capped  by  vol- 
canic rocks. 

It  bas  been  assumed,  but  not  apparently  on  any  clear  evidence,  that  the 
marine  coast-beds  and  the  associated  plant-beds  are  in  Africa  much  newer  than 
the  inland  sandstone  formation,  but  it  is  not  impossible  that  the  relations  may 
really  be  the  same  as  in  lodia,  and  that  the  Stromberg  beds  of  the  inland  forma- 
tion may  be  the  equivalents  of  the  Upper  Jurassic  or  even  the  cretaceous  marine 
beds  on  the  coast.  The  discovery  of  plants  identical  with  those  of  the  Jurassic 
i probably  Upper  Jurassic)  beds  of  Queensland  in  the  Stormberg  series  may  of 
course  be  taken  for  what  it  is  worth;  it  is  of  quite  as  much  importanpe  in 
indicating  the  age  of  the  rocks  as  the  occurrence  pi  dicynodont  reptiles  in  the 
Permian  of  Russia  and  in  the  lower  Gondw&nas  of  India. 

Altogether  there  is  quite  sufficient  probability  that  the  upper  Karoo  or  Storm- 
berg beds  are  of  later  age  than  Triassic  to  justify  the  protest  which  I  mad'e  last 
year  against  a  skull  being  described  from  these  beds  as  that  of  a  '  Triassic'  mam- 
mal.* The  practice,  so  common  amongst  palsBontologists,  of  positively  asserting 
as  a  known  fact  the  geological  age  of  organisms  from  beds  of  which  the*  geologi- 
cal position  is  not  clearly  determined,  is  very  much  to  be  deprecated. 

I  have  called  attention  to  the  occurrence  of  boulders  in  the  T61chir  beds  in 
India,  the  Ecca  beds  of  South  Africa,  and  the  Bacchus  Marsh  sandstones  and 
Hawkesbury  beds  of  Australia.  The  idea  has  occurred  quite  independently  to 
several  different  observers  that  each  of  these  remai'kable  formations  affords 
cvidenix)  of  glacial  action ;  and  although,  in   the  case  of  India  especially,  the 

>  Q.  J.  G.S.,  xivii.,  p.  479. 
'  Z.C.,  pp.  506,  611,  613.  <fcc. 
3  Q.  J.  a.  &»  zl..  p.  146. 
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geographical  position  of  the  boulder-bed  within  tho  tropicd  soemed  for  a  long  time 
to  render  the  notion  of  ioe  action  too  improbable  to  be  accepted,  farther  evidence 
has  so  far  confirmed  the  view  as  to  cause  it  to  be  generally  received.  Even  before 
the  Australian  boulder-deposits  had  been  observed  it  was  suggested  that  the 
'T&lchir  beds-and  Ecca  conglomerate  might  be  contemporaneous,^  and  that  the 
evidence  in  favour  of  a  Glacial  epoch  having  left  its  traces  in  tho  Permian  beds 
of  England*  might  possibly  indicate  that  the  Indian  and  South  African  boulder- 
beds  are  of  the  same  geological  epoch.  The  discovery  of  two  similar  deposits  in 
Australia  adds  to  the  probability  that  all  may  have  resulted  from  the  same  cause 
and  may  record  contemporaneous  phenomena.  It  would  be  very  unwise  to  insist 
too  much  on  the  coincidence. 


It  would  be  easy  to  call  attention  to  farther  examples  of  discrepancies  in 
palesontological  evidence,  but  I  should  weary  you  and  nothing  would  be  attained 
by  going  through  instance  after  instance  of  deposits  in  distant  parts  of  th.e  world, 
the  age  of  which  has  been  solely  determined  by  the  examination  of  a  few  fossil 
forms  of  land  and  fresh- water  animals  and  plants.  I  have,  therefore,  only  taken 
a  few  with  the  details  of  which  I  have  had  occasion  to  become  acquainted.  In 
some  of  the  most  important  cases  I  have  mentioned,  such  as  those  of  the  Pikermi 
and  Siwalik  faunas,  the  Cutch  (IJmia  beds)  flora  and  that  in  the  lower  ooal- 
measures  of  Australia,  the  conflict  is  between  the  evidence  of  the  marine  and 
terrestrial  organisms.  Manifestly  one  or  the  other  of  these  leads  to  erroneous 
conclusions. 

The  general  opinion  of  geologists  is  in  favour  of  accepting  the  evidence  of 
marine  oig^anisms.  The  reason  is  not  far  to  seek.  So  far  as  I  am  aware,  no  case 
is  known  where  such  an  anomaly  as  that  displayed  in  the  Gondwfinas  of  India  has 
been  detected  amongst  marine  formations  of  which  the  sequence  was  unquestioned* 
In  the  Gondwinas  we  have  a  Rhsetic  flora  overlying  a  Jurassic  flora,  and  a  Triassio 
fauna  above  both.  In  Australia  we  find  a  Jurassic  flora  associated  with  a  Car<» 
boniferous  marine  fauna,  and  overlaid  by  a  Permian  fresh-water  fauna.  The  only 
similar  case  amongst  marine  strata  is  that  of  the  well-known  colonies  of  the  late 
M.  Barrande  in  Bohemia,  and  in  this  instance  the  intercalation  of  strata  contain- 
ing later  forms  amongst  beds  with  older  types  is  disputed,  whilst  the  difference  in 
age  between  the  faunas  represented  is  not  to  be  compared  to  that  between  Triassic 
and  Jurassic. 

There  is,  however,  another  and  an  even  stronger  reason  for  accepting  the 
evidence  of  marine  instead  of  that  afforded  by  terrestrial  and  fresh-water  animals 
and  plants.  If  we  compare  the  distribution  of  the  two  at  the  present  day  we 
shall  find  a  very  striking  difference,  and  it  is  possible  that  this  difference  may- 
afford  a  clue  to  the  conditions  that  prevailed  in  past  times. 

Wanderers  into  what  they  fancy  unexplored  tracts  in  palsBontology  are  very- 
likely  to  find  Professor  Huxley's  footprints  on  the  path  they  are  following.  I  have 
had  occasion  to  turn  to  a  paper  of  his  on  Hyperodapedon*  that  very  curioas  reptile 

>  Q.  /.  O.  S,,  ixii.,  p.  628. 
'  Q.  J.  0.  8.,  XI.,  p.  185. 
'  Q.  J,  G.  ^.,  xzv.,  p.  160. 
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aliTdadj  moTitioned/of  whioli  the  remains  occur  both  in  Great  Britain  and  ia  India, 
and  I  find  the  following  remarks,  which  appear  so  exactly  to  express  a  portion  of 
the  view  to  which  I  wish  to  call  your  attention,  that  I  trust  I  may  be  excused  for 
quoting  them.     Professor  Huxley  writes  : — > 

*  It  does  not  appear  to  me  that  there  is  any  necessary  relation  between  the 
fauna  of  a  given  land  and  that  of  the  seas  of  its  shores.  The  land-faunes  of  Britaia 
and  Japan  are  wonderfully  similar  j  their  marine  faunce  are  in  several  ways 
different.  Identical  marine  shells  are  collected  on  the  Mozambique  coast  and  in 
the  easternmost  islands  of  the  Pacific  ;  whilst  the  faunas  of  the  lands  which  lie 
within  the  same  range  of  longitude  are  extraordinarily  difEerent.  What  now 
happens  geographically  to  provinces  in  space  is  good  evidence  as  to  what,  in 
former  times,  may  have  happened  to  provinces  in  time ;  and  an  essentially 
identical  land-fauna  may  have  been  contemporary  with  several  successive  marine 
fauntB^ 

'  At  present  our  knowledge  of  the  terrestrial  faunee  of  past  epochs  is  so  slight 
that  no  practical  difficulty  arises  from  using,  as  we  do,  sea-reckoning  for  land-time* 
But  I  think  it  highly  probable  that  sooner  or  later  the  inhabitants  of  the  land  will 
be  found  to  have  a  history  of  their  own.' 

When  these  words  were  written  more  than  fifteen  years  ago  very  few  of  the 
geological  details  to  which  I  have  called  your  attention  were  known,  I  'Ueed  not 
point  out  how  wonderful  a  commentary  such  details  have  afForded  to  Professor 
Huxley's  views. 

I  have  no  desire  to  quote  authority.  I  fear  that  in  the  facta  I  have  been 
laying  before  you  my  quotations  of  the  most  authoritative  writers  have  been  made 
less  for  the  purpose  of  showing  reverence  than  of  expressing  scepticism.  My 
reason  for  calling  attention  to  Professor  Huxley's  views  is  different.  I  entirely 
agree  with  them ;  but  there  is,  I  think,  something  to  be  added  to  them.  There 
is,  I  believe,  an  additional  distinction  between  land  and  marine  faunas  that 
requires  notice,  and  this  distinction  is  one  of  very  great  importance  and  interest. 
It  appears  to  me  that  at  the  present  day  the  difFerenco  between  the  land-faunas  of 
different  parts  of  the  world  is  so  vastly  greater  than  that  between  the  marine 
faunas  that  if  both  were  found  fossilisedi  whilst  there  would  be  but  little  difficulty 
in  recognising  different  marine  deposits  as  of  like  age  from  their  organic  remains, 
terrestrial  and  fresh- water  beds  would  in  all  probability  be  referred  to  widely 
differing  epochs,  and  that  some  would  be  more  probably  classed  with  those  of  a 
past  period  than  with  others  of  the  present  time. 

I  had  proposed  to  enter  at  some  length  into  this  subject,  and  to  attempt  a 
sketch  of  the  present  state  of  our  knowledge  concerning  the  distribution  of  terres- 
trial and  marine  faunas  and  floras.  But  I  found  that  it  was  impossible  to  do 
justice  to  the  question  without  making  this  address  far  longer  than  is  desirable, 
and  I  have  already  taken  up  more  time  than  I  ought  to  have  done.  I  can  there- 
fore only  treat  the  subjects  veiy  briefly. 

As  you  are  doubtless  aware,  the  most  important  work  upon  the  distribution  of 
terrestrial  animals  yet  published  is  that  of  Mr.  Wallace.     He^  divides  the  earth's 

1  Dr.  P.  L.  ScUter  was  the  original  author  of  the  sub  •division  adopted  by  Mr.  Wallace. 
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sarface  into  six  regions — PaleBarctic,  EthiopiaD»  Oriental,  Anstralian,  Neotropical, 
and  Nearctic.  Some  naturalists,  with  whom  I  am  disposed  to  agree,  consider 
Madagascar  and  the  adjacent  islands  a  serenth  region,  and  it  is  possible  that  one 
or  two  other  additions  might  he  made. 

These  regions  are  essentially  founded  on  the  distribution  of  vertdMratOy 
especially  mammals  and  birds,  and  the  following  table,  taken  from  Wallace's  lists, 
shows  the  percentage  of  peculiar  families  of  vertebrata  and  peculiar  genera  of 
mammalia  in  each  region,  mammalia  being  selected  as  being  more  oharacteristio 
than  birds  and  better  known  than  reptiles,  amphibians,  or  fishes : — > 


Bioion. 

ToUl 

families  of 

Vertebrates. 

PeealUir 
Yamillei. 

Peroentaf* 

of  Peeallar 

Famlltea. 

Total 
Genera  of 
Xammala. 

Peenliar 
Oenera  of 
Xammali. 

Peramtafe 

of  PeenlUr 

Gcneffa. 

Pnlsarctic    .         • 

Ktluopian    «        • 

Oriental 

AustraliAn    •         •         • 

Neotropieal 

ICearctio 

387 
176 
168 
148 
168 
121 

8 
28 
12 
80 
46 
12 

2-2 
181 

7-4 
211 
268 

9-9 

100 
142 
118 

70 
181 

74 

87 
90 
64 

46 
108 

24 

87 
68 
46 
66 
79 
88 

The  marine  mammals  and  reptiles  are  too  few  in  number  to  be  compared  with 
the  land-fauna,  but  whales,  porpoises,  seals,  sirenians,  turtles  and  sea-snakes  are 
for  the  most  part  widely  diffused.  The  best  class  of  the  vertebrata  for  compari- 
son is  that  of  the  fishes,  and  some  details  taken  by  Wallace  from  Gunther's 
*  British  Museum  Catalogue '  are  very  important.  The  whole  class  is  divided 
into  116  families,  of  which  29  are  exclusively  confined  to  fresh  water»  whilst  80 
are  typically  marine.  Of  these  80  no  less  than  50  are  universally,  or  almost 
universally,  distributed,  whilst  many  others  have  a  very  wide  range.  Four  fami- 
lies are  confined  to  the  Atlantic  and  13  to  the  Pacific  Ocean,  whilst  a  few  more 
are  exclusively  southern  or  northern.  About  63  are  found  in  both  the  Atlantic 
and  Pacific. 

Now,  of  the  29  fresh-water  families,  15,  or  more  than  one-half,  are  confined 
each  to  a  single  region,  9  are  found  each  in  two  regions,  2  in  three  regions,  and 
the  same  number  in  four ;  one  only  (Oyprinidm)  is  found  in  five  regions,  whilst 
not  one  is  met  with  in  all  six.  .  It  is  impossible  to  conceive  a  greater  contrast : 
50  marine  families,  or  62*5  per  cent.,  have  a  world-wide  distribution,  whilst  not  a 
single  fresh- water  family  has  an  equally  extended  range,  and  more  than  one-half 
are  confined  each  to  a  single  region. 

The  regions  adopted  by  Wallace,  as  already  stated,  are  founded  on  the  verte^ 
hrata  ;  he  considers,  hDwever,  that  the  distribution  of  the  invertebrates  is  similar. 
So  far  as  the  terrestrial  mollusca  are  concerned,  I  am  inclined  to  dissent  from  this 
view.  But  for  one  circumstance  the  mollusca  would  afford  an  admirable  test  of 
the  theory  that  marine  types — species,  genera,  and  families — are  much  more 
widely  spread   than   terrestrial.     I  am  assured  that  this  is  the  case,  but  tho 
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difficulty  of  proYing  it  arises  from  the  fact  that  the  classification  of  pulmonate 
terrestrial  moUnsca,  as  adopted  by  naturalists  generally,  is  so  artificial  as  to  be 
worthless.  Oenera  like  Helix,  BulimtUy  AcJuUina,  Pupa^  Vitrinay  as  nsnally 
adopted,  are  not  real  genera,  but  associations  of  species  united  by  characters  of 
DO  systematic  importance,  and  the  attempts  that  have  hitherto  been  made  at  a 
oatoral  classification  have  chiefly  been  founded  on  the  shells,  the  animals  not 
being  sufficiently  known  for  their  affinities,  in  a  very  large  number  of  cases,  to 
he  accurately  determined.  Of  late  years,  however,  more  attention  has  been 
devoted  to  the  soft  parts  of  land  mollusks,  and  in  Dr.  Paul  Fischer's  '  Manuel  de 
Conchy liologie  *  now  being  published,  a  classification  of  the  Pulmonate  Ghtstero- 
poda  is  given,  which,  although  still  imperfect  for  want  of  additional  information, 
is  a  great  improvement  upon  any  previously  available.  In  this  work  the  first 
13  femilies  of  the  Pulmonata  Oeophila  comprise  all  the  non-operculate  land 
mollnsca,  or  snails  and  slugs,  and  these  13  families  contain  82  genera  thus 
distributed  :— 

Peculiar  to  one  of  Wallaee's  land  regioni 64 

Foond  in  more  than  one,  but  not  in  both  Amehea  and  the  Eaatem 

hemisphere       •..••...•••  18 

Common  to  both  hemispheres  • 16 

The  last  16,  however,  include  LimaXf  Vitrina,  HeUx,  Pupa,  Vertigo^  and  some 
other  genera  which  certainly  need  further  repartition.  The  opercnlated  land- 
shells  belonging  to  a  distinct  sub-order,  or  order,  and  closely  allied  to  the  ordinary 
prosobranchiate  gasteropoda,  are  better  classified,  the  shells  in  their  case  affording 
good  characters.  They  comprise  four  well-marked  families  (Helicinida,  OyclO'* 
ttomiday  Oychphorida,  and  DipJommatinidai),  besides  others  less  well  marked  or 
bat  doubtfully  terrestrial.  N'ot  one  of  the  families  named  is  generally  distributed, 
and  the  genera  are  for  the  most  part  restricted  to  one  or  two  regions  The  portion 
of  Dr.  Fischer's  manual  relating  to  these  mollusca  is  unpublished,  and  the  latest 
general  account  available  is  that  of  Pfeiffer,  published  in  1876.^  From  this 
monograph  I  take  the  following  details  of  distribution.  The  number  of  genera 
enumerated  is  64  (including  Proserpintdas), 

Peculinr  to  one  of  WalUu;e'B  land  regions 48 

Found  in  more  than  one,  but  not  in  both  America  and  the   Kastem 

hemitphere       ••......•.  8 

Common  to  both  hemispheres 8 

It  is  the  distribution  of  the  terrestrial  operculate  mollusca  which  induces  me 
to  suspect  that  the  distribution  of  land  mollusca  differs  from  that  of  land  verte- 
brates. One  instance  I  may  give.  There  is  nowhere  a  better  marked  limit  to 
two  vertebrate  faunas  than  that  known  as  Wallace's  line  separating  the  Austra- 
lian and  Oriental  regions,  and  running  through  the  Malay  archipelago  between 
Java,  Sumatra,  and  Borneo,  on  the  one  hand,  and  Papua  with  the  neighbouring 
groups  on  the  other.  There  is  in  the  two  regions  a  very  great  difference  in  the 
vertebrate  genera^  and  a  considerable  replacement  of  ^milies.  The  Oriental  ver* 
tehrata  contain  far  more  genera  and  families  common  to  Africa  than  to  Australia. 
Now,  the  operculate  land-shells  known  from  New  Guinea  and  Northern  Australia 

'  Monoyraphia  Pnemonopamorum  Viventinm  Supp.  iii. 
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belong  to  fluoh  genera  as  Oyclophorus,  Oycloiu9^  Leptopoma,  PupineV^ty  PupinOf 
Diplommatina,  and  Helieina,  all  found  in  the  Oriental  region,  and  mostly  charac- 
teristic of  it,  whilst  the  only  peculiar  types  known  are  Leucoptychia,  closely  allied 
to  Leptopoma,  from  New  Guinea,  and  Heterocychu,  apparently  related  to  the 
Indian  Oyathopoma,  from  New  Caledonia.  Farther  east  in  Polynesia  there  are 
some  yery  remarkable  and  peculiar  types  of  land-shells,  such  as  Achaiinella,  but 
these  do  not  extend  to  Australia  or  Papua.  On  the  other  hand,  scarcely  a  single 
Oriental  genus  ^extends  to  Africa,  the  terrestrial  molluscan  fauna  of  which  con- 
tinent differs  &ir  more  from  that  of  the  Oriental  region  than  the  latter  does  from 
that  of  tropical  Australia. 

The  same  is  the  case  with  plants.  In  an  important  work  lately  published 
by  Dr.  0.  Drude,  of  Dresden,  the  tropics  of  the  Old  World  are  divided  into  three 
distinct  regions — (1)  tropical  Africa;  (2)  the  East  African  Islands,  Madagascar, 
ftc. ;  (3)  India,  South-Eastern  Asia,  the  Malay  archipelago,  l^orthem  Australia, 
and  Polynesia. 

A  yeiy  large  proportion  xA  the  families  and  eyen  of  the  genera  of  marine 
moUusca  are  almost  of  world-wide  distribution,  and  eyen  of  the  tropical  and 
sub-tropical  genertf  the  majotity  fiure  fbund'  in  all  the  warmer  seas.  I  b&^o  ^^^ 
recent  details  for  the  whole  of  the  marine  mollusca,  but  a  yery  fair  comparison  with 
the  data  already  giyen  for  land-shells  may  be  obtained  from  the  first  25  families 
of  Prosobranchiate  Gasteropoda,  all  that  are  hitherto  published  in  Fischer's 
manual.  These  25  families  include  OonidcBy  Olivulce,  Volutidoe,  Buccinidte,  Muru 
eidcpy  Oypreida,  Stromhida,  Oerithiidce,  Planaxidig  and  their  allies,  and  contain 
116  living  marine  genera,  the  known  range  of  which  is  the  following : — 

Found  only  in  tl>e  AtUntic  OceRn 15 

Found  only  in  the  Pacific  or  Indian  Ocean,  or  both  ....     28 

Found  only  in  Arctic  or  Antarctic  Seai,  or  in  both  •         ,         ,         .12 

Found  in  the  wanner  parts  of  all  oeeani         ......    84 

Widely,  and  for  the  most  part  universally,  distributed     •         •         •         .27 

—  61 

That  is,  52*6  per  cent,  are  found  in  both  hemispheres,  whilst  only  19*5  per  cent,  of 
the  inoperculate,  and  12*5  per  cent,  of  the  operculate  land  mollusca,  have  a 
similar  distribution.  This  is,  however,  only  an  imperfect  test  of  the  difference, 
^hich  is  really  much  greater  than  these  numbers  named  imply  by  themselves. 

Some  genera  of  fresh-water  mollusca,  as  ZJnio,  Anodon^  Oyclas,  Lymnea^ 
PlanorhiSf  Paludina^  and  Bythinvi,  are  yery  widely  spread,  but  a  much  larger 
number  are  restricted.  Thus  if  Unio  and  Anodon  are  extensively  distributed,  all 
allied  fresh-water  genera,  like  Monocondyloia,  MycetopuSf  IridinOj  Bpatha^  Oastaliaf 
JEtheria,  and  MUllerta  inhabit  one  or  two  regions  at  the  most.  The  same  result 
is  not  found  from  taking  an  equally  important  group  of  marine  mollusca,  such  as 
Venerid<8  or  Oardiada. 

Throughout  the  marine  inyertebrata,  so  far  as  I  know,  the  same  rule  holds 
good :  a  few  generic  types  are  restricted  to  particular  seas ;  the  majority  are 
found  in  suitable  habitats  throughout  a  large  portion  of  the  globe.  The  marine 
provinces  that  have  been  hitherto  distingnished,  as  may  be  seen  by  referring  to 
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those  in  Woodward's  *  Jif  annal  of  the  Mollusca,'  or  Forbes  and  Godwin  Ansten's 
*Nataral  History  of  the  European  Seas/  or  '  Fischer's  'Mannelde  Conchyliologie/ 
or  Agassiz's  'Revision  of  the  Echini,'  are  founded  on  specific  distinctions,  whilst 
the  terrestrial  regions  are  based  on  generic  difiEerences,  and  often  on  the  presence 
or  absence  of  even  larger  groups  than  genera. 

Botany  offers  a  still  more   remarkable  example.     I  hare  just  referred  to 
Dr.  Oscar  Drude's  work,^  published  within  the  last  few  months,  on  the  distribu* 
tion  of  plants.     Dr.  Drude  divides  the  surface  of  the  globe  into  four  groups  of 
floral  regions  (Flarenreichsgrufpe)^  and  these  again  into  floral  regions  (^Flaren- 
reiche\  fifteen  in  number,  which  are  again  divided  into  sub-regions  (Qehiete)*    The 
first  group  of  floral  regions  is  the  oceanic,  comprising  all  the  marine  vegetation  of 
the  world ;  and  so  uniform  is  this  throughout  that  no  separate  regions  can  be  estab* 
liahed,  so  that  there  is  but  one  oceanic  to  contrast  with  fourteen  terrestrial  regions. 
It  is  impossible  to  enter  further  into  this  subject  now,  and  I  can  only  allude  to 
the  evidence  in  favour  of  the  existence  of  land-regions  in  past  times.    It  is  scarcely 
necessary  to  remind  you  of  the  proofs  already  accumulated  of  differences  between 
the  &una  of  distant  countries  in   Tertiary  times.,    The  Eocene,   Miocene,  and 
Pliocene  vertebrata  of  North  America  differ  quite  as  much  from  those  of  Europe 
in  the  same  periods  as  do  the  genera  of  the  present  day ;  and  there  was  as  much 
distinction  between  the  mammalia  of  the  Himalayas  and  of  Greece  when  the 
Siwalik  and  Pikeimi  faunas  were  living  as  there  is  now.     In  Mesozoic  times  wq 
hare  similar  evidence.     The  reptiles  of  the  American  Jurassic  deposits  present 
wide  differences  from  those  of  the  European  beds  of  that  age,  and  the  South 
African  reptilian  types  of  the  Elaroo  beds  are  barely  represented  elsewhere.     But 
there  is  no  reason  for  supposing  that  the  limits  or  relations  of  the  zoological  and 
hot&nical  regions  in  past  times  were  the  same  as  they  now  are.     It  is  quite  certain 
indeed  that  the  distribution  of  land-areas,  whether  the  great  oceanic  tract  has 
remained  unchanged  in  its  greneral  outlines  or  not,  has  undergone  enormous  varia- 
tions, and  the  migration  of  the  terrestrial  fauna  and  flora  must  have  been  depen- 
dent upon  the  presence  or  absence  of  land  communication  between  different 
continental  tracts ;  in  other  words,  the  terrestrial  regions  of  past  epochs,  although 
just  as  clearly  marked  as  those  of  the  present  day,  were  very  differently  distributed. 
The  remarkable  resemblance  of  the  floras  in  the  Karoo  beds  of  South  Africa,  the 
Damuda  of  India,  and  the  coal-measures  of  Australia,  and  the  wide  difference  of 
all  from  any  European  fossil  flora,  is  a  good  example  of  the  former  distribution  of 
life ;  whilst  it  is  scarcely  necessary  to  observe  that  the  present  Neotropical  and 
Anstralian  mammals  resemble  those  of  the  same  countries  in  the  later  Tertiary 
times  much  more  than  thoy  do  the  living  mammalia  of  other  regions,  and  that  the 
Anstralian  mammal  fauna  is  in  all  probability  more  nearly  allied  to  the  forms  of 
life  inhabiting  Europe  in  the  Mesozoic  era  than  to  any  European  types  of  Inter 
date.    If  the  existing  mammals  of  Australia  had  all  become  extinct,  a  deposit 
containing  their  bones  would  probably  have  been  classed  as  Mesozoic. 

The  belief  in  the  former  universality  of  faunas  and  floras  is  very  much  con- 
nected with  the  idea  once  generally  prevalent,  and  still  far  from  obsolete,  that  the 
temperature  of  the  earth's  surface  was  formerly  uniform,  and  that  at  all  events 

^  Petermann'i  Mitiheilungen^  Ergftiiznngsheft,  No  74> '  Die  Floreureiclifi  der  Erde.' 
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until  early  or  even  middle  Tertiary  times  the  poles  were  as  warm  as  the  equator, 
and  both  enjoyed  a  constant  tropical  climate.  The  want  of  glacial  evidence  from 
past  times  in  Spitzberg;en  and  G-reenland,  where  a  temperature  capable  of  support- 
ing  arboreal  vegetation  has  certainly  prevailed  daring  several  geological  periods, 
is  counterbalanced  by  the  g^radually  accumulating  proofs  of  Lower  Mesosoic  or 
Upper  Palesozoic  glacial  epochs  in  South  Africa,  Australia,  and  strangest  of  all 
in  India.  Even  during  those  periods  of  the  earth's  history  when  there  is  reason 
to  believe  that  the  temperature  in  high  latitudes  was  higher  than  it  now  is;,  evi- 
dence of  distinct  zones  of  climate  has  been  observed,  and  quite  recently  Dr. 
Nenmayr,^  of  Vienna,  has  shown  that  the  distribution  of  Cretaceous  and  Jurassic 
■cephalopoda  throughout  the  earth's  surface  proves  that  during  those  periods  the 
warmer  and  cooler  zones  of  the  world  existed  in  the  same  manner  as  at  present, 
and  that  they  affected  the  distribution  of  marine  life  as  they  do  now. 

The  idea  that  marine  and  terrestrial  faunas  and  floras  were  similar  throughout 
the  world*s  surface  in  past  times  is  so  ingrained  in  palsBontological  science  that  it 
will  require  many  years  yet  before  the  fallacy  of  the  assumption  is  generally 
admitted.  No  circumstance  has  contributed  more  widely  to  the  belief  than  the 
supposed  universal  diffusion  Of  the  Carboniferous  flora.  The  evidence  that  the 
plants  which  prevailed  in  the  coal-measures  of  Europe  were  replaced  by  totally 
different  forms  in  Australia,  despite  the  closest  similarity  in  the  marine  inhabitants 
of  the  two  areas  at  the  period,  will  probably  go  far  to  give  the  death-blow  to  an 
hypothesis  that  rests  upon  no  solid  ground  of  observation.  In  a  vast  number 
of  instances  it  has  been  assumed  that  similarity  between  fossil  terrestrial  faunas 
and  floras  proves  identity  of  geological  age,  and,  by  argraingin  a  vicious  circle,  the 
occurrence  of  similar  types  assumed  without  sufficient  proof  to  belono^  to  the  same 
geological  period  has  been  alleged  as  evidence  of  the  existence  of  similar  forms 
in  distant  countries  at  the  same  time. 

In  the  preceding  remarks  it  may  perhaps  have  surprised  some  of  my  auditory 
that  I  have  scarcely  alluded  to  any  American  formations,  and  especially  that  I  have 
not  mentioned  so  well-lmown  and  interesting  a  case  of  conflicting  palsBontological 
evidence  as  that  of  the  Laramie  group.  My  reason  is  simply  that  there  aro 
probably  many  here  who  are  personally  acquainted  with  the  geology  of  the 
American  Cretaceous  and  Tertiary  beds,  and  who  are  far  betler  able  to  judge  than 
I  am  of  the  evidence  as  a  whole.  To  all  who  are  studying  such  questions  in 
America  I  think  it  will  be  more  useful  to  give  the  details  of  similar  geological 
puzzles  from  the  Eastern  hemisphere  than  to  attempt  an  imperfect  analysis  of 
difficult  problems  in  the  great  Western  continent. 

Perhaps  it  may  be  useful,  considering  the  length  to  which  this  address  has 
extended,  to  recapitulate  the  principal  facts  I  have  endeavoured  to  bring  before 
you.     These  are— 

I.  That  the  geological  age  assigned  on  homotaxial  grounds  to  the  Pikermi  and 
Siwalik  mammalian  faunas  is  inconsistent  with  the  evidence  afforded  by  the 
associated  marine  deposits. 

'  '  Ueber  klimatisebe  Zouen  wfthrend  der  Jan»  uiid  Kreidezeit,'  Denktokr,  Jfalk,  Nat.  CL 
Akad.  Wi99.  Winh  vol.  xlvu.  1883. 
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2.  The  age  similarly  assigned  on  the  same  data  to  the  different  series  of  the 
Oondwiaa  sjrstem  of  India  is  a  mass  of  coniradictions ;  beds  with  a  Triassic  fauna 
overlying  others  with  Bhefcio  or  Jnrassio  floras. 

3.  The  geological  position  assigned  on  similar  eyidence  to  certain  A-nstralian 
beds  is  equally  oontradidtoiyi  a  Jnraasio  flora  being  of  the  same  age  as  a 
Carboniferons  marine  ftmna. 

4  The  same  is  probaUy  the  case  with  the  terrestrial  and  fresh^ water  faunas  and 
floras  of  South  Africa. 

5.  In  instances  of  eonflioting  evidence  between  terrestrial  or  fresh-water 
faunas  and  floras  on  one  side,  and  marine  faunas  on  the  other,  the  geological  age 
indicated  by  the  latter  is  probably  correct,  because  the  contradictions  which  prevail 
between  the  evidence  afforded  by  successive  terrestrial  and  fresh-water  beds  are 
unknown  in  marine  deposits,  because  the  succession  of  terrestrial  swi-inntla  and 
plants  in  time  has  been  different  from  the  succession  of  marine  life,  and  because  in 
all  past  times  the  differences  between  the  faunas  and  floras  of  distant  lands  have 
probably  been,  as  they  now  are,  vastly  greater  than  the  differences  between  the 
animals  and  plants  inhabiting  the  different  seas  and  ooeaoe. 

6.  The  geological  age  attributed  to  fossil  terrestrial  faunas  and  floras  in  distant 
coimtries  on  account  of  the  relatians  of  such  faunas  and  floras  to  those  found  in 
European  beds  has  proved  erroneous  in  so  large  a  number  of  cases  that  no  similar 
determinations  should  be  accepted  unless  accompanied  by  evidence  from  marine 
beds.  It  is  probable  in  many  cases-^perhaps  in  the  majority — where  the  age 
of  beds  has  been  determined  solely  by  the  comparison  of  land  or  fresh-water 
animals  or  plants  with  those  found  in  distant  parts  of  the  globe,  that  such  deter^ 
minationfl  are  incorrect. 


A%ban  Field-notes  by  C.  L.  Obibsbaoh,  F.O.S.,  Oeologtoal  Survey  of  India  (on 

duty  vnth  the  Afghan  Botmddry  OowntUiion), 

The  march  of  the  Afghan  Boundary  Commission  was  first  from  Quetta  to 

Nushld,  after  crossing  the  Lora  south  of  the  Pishin  valley ; 
from  Nttshki  to  Khwaja  Ali  on  the  Helmund  (east  of 
Budbar)  by  long  and  weary  marches.  We  followed  the  river  down  to  Ghahar 
BoTJak,  where  we  crossed  it.  From  this  point  we  went  in  a  more  or  less  north- 
ward direction  through  Kalah-i-Fath  past  the  Helmund  Lakes  to  Lash.  Ju  wain, 
through  the  Anardara  pass,  and  passing  Sabzaw&r  westw^o^,  to  Pahri  and  even- 
tually to  Kuhs^  on  the  Hari  Bud,  avoiding  Herat  altogether.  Here  General  Sir 
Peter  Lumsden,  K.G.B.,  joined  our  party  under  Colonel  Ridge  way. 

On  the  25th  November,  the  General  with  a  small  party  left  us  to  go  vtd 
Chasm-Sabz  (not  on  the  old  maps)  and  Panjdeh  to  these  our  winter  quarters  on 
the  Murghib  river.  We  followed  next  day  by  another  route  to  Kushk,  finally  all 
meeting  at  Bila  Murgh&b.  At  Kushk,  I  obtained  permission  to  go  off  by  myself 
on  a  geological  trip ;  I  returned  to  the  Herat  valley  by  the  Band-i-B&b&,  went  to 
within  a  mile  of  Herat  city,  afterwards  i^tuming  over  the  Band-i-Zurmust  to 
Kila  N£u  and  to  B41a  Murghab. 

H 
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The  maroh  from  India  to  the  valley  of  the  MnrghAb  has  taken  na  from  East- 
-.       ,    .  em  BiliLchistan,  which  belones  to  the  Indus  drainace 

into  the  Lora  and  Helmund  basins  (Seistan,  oc.)  and 


thence  over  the  gpreat  watershed  south  of  Herat,  into  the  Central  Asian  basin 
of  the  Hari  Rud  and  the  Murghib.  The  watershed  which  divides  Southern 
Afghanistan  from  Central  Asia,  is  formed  as  far  as  we  know  by  the  range  of 
mountains  called  on  our  maps  the  Siah  Koh,  with  its  western  continuation,  the 
Doshakh  mountains. 

There  seems  to  exist  a  marked  difference  in  the  geological  features  of  the 
areas  divided  by  this  great  range,  and  I  intend  therefore  to  treat  them  separately 
in  these  notes. 

The  time  was  too  limited  to  admit  of  a  reg^ular  geological  survey  of  the  coun- 
try traversed,  but  I  believe  the  notes  collected  with  the  experience  gained  in  my 
former  work  in  Afghanistan  has  enabled  me  to  come  to  fairly  aocnmte  oondnsions 
with  regard  to  the  geology  of  the  country. 

As  will  even  be  clear  from  a  view  of  the  old  map  of  Afghanistan^  the  conntiy 

lying  between  Nushki  and  the  Helmund,  with  much  of  the 

^d  BUuaf  d^i*"      ^'^  *^  *^®  ^^^^  ^^  ^^  ^  nothing  but  a  desertnow,  though 

water  may  be  found  in  most  localities  by  digging  wells. 
The  features  of  the  whole  area  are  similar  to  those  described  between  Kanda- 
har and  Quetta,  consisting  of  more  or  less  parallel  ranges,  which  run  between 
east — west  and  north-east — south-west,  separated   by   wide   stretches   of   dasht- 
deposits,  which  reach  an  enormous  thickness  in  the  Lower  Helmund  valley. 

The  ranges  which  we  crossed  in  succession  south  of  the  Helmund  are  merely 
continuations  of  ranges  which  I  have  described  already  in  my  memoir  col  South- 
em  Afghanistan,  and  I  may  at  once  say  that,  with  the  exception  of  one  or  two 
points,  I  could  not  elucidate  any  new  fact  in  relation  to  the  rocks  which  compose 
the  hill  ranges  touth  of  the  Doshakh  range  south-west  of  Herat ;  north  of  these 
hills  the  character  of  the  rocks  entirely  changes. 

Between  Quetta  and  Nushki,  I  crossed  the  *'  Ohaziaband  "  range  at  a  point 
Ghauabaod  ruige.  south-west  of  my  old  route  of  1880,  and  near  the  village 

of  Kamak.     I  wish  I  could  have  remained  a  few  days  in 
that  neighbourhood ;  there  are  several  points  of  geology  connected  with  the  sec- 
tion of  this  range  which  are  not  at  all  clear  to  me.     The  country  is  now,  however, 
quite  accessible  to  any  one,  and  will  no  doubt  before  long  be  carefully  surveyed. 
The  range  is  skirted  on  its  south-east  slope  by  clays,  of  red  and  greenish  white 

colour,  which  re-appear  in  considerable  thickness  in  the 
Lora  basin.  In  1880, 1  believed  them  to  represent  the  Qij 
beds  of  Sind,  which  Mr.  Blanford  disputes,  and  I  believe  on  good  grounds.  Since 
then  I  have  had  an  opportunity  of  seeing  the  Siwalik  rocks  of  the  Derajit^ 
Kohit  district  and  the  Trans-Indus  Salt-range.  There,  especially  in  the  latter 
area,  a  great  thickness  of  red  and  greenish-white  clays,  sandstones  and  conglome- 
rates overlie  the  cretaceous  beds,  and  are  considered  by  Wynne  to  be  represent- 
atives of  the  Lower  Siwaliks.  I  was  struck  with  the  hthological  likeness  of  these 
Trans-Indus  Siwalik  beds  with  what  I  remembered  the  Ghaziaband  beds  to  be 

'  General  Walker*!  map,  1  ineh  -  82  mile,  188S. 
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I  bayeliad  now  a  second  opportunity  of  yisiting  the  latter,  and  the  resemblance  of 
them  to  the  Salt-range  Siwaliks  seems  to  me  perfect.  If  my  supposition  is  correct, 
then  these  beds  do  not  represent  Upper  but  the  Lower  Siwalik  beds.  Fossils  I 
hare  none  out  of  them. 

The  greenish-grey  sandstone  and  shales  which  compose  the  pass  leading  from 

Eamak  to  Panjpai,  may  be  the  same  as  the  nnmmnlitio 
Soome  nnditones  of     gandstone  (Flysch  P),  which  I  saw  in  1880  in  the  Ghazia- 

band  pass;  but  if  so,  their  character  changes  slightly 
towards  the  sonth-west.    I  believe  the  Kamak  beds  resemble  rather  the  Ehojak 

group  of  rocks. 

^ween  Panjpai  and  Nnshki  one  crosses  the  hill  ranges  which  form  the 

sonth-westem  spurs  of  the  Khojak  Amran  mountains,  and, 
Ebcjak  bedfc  ^  j  expected,  tie  geological  structure  of  the  hills  is  the 

same ;  the  principal  rocks  are  sandstones  and  hard  splintery  shales,  all  much 
contorted,  of  exactly  the  same  lithological  character  as  the  Khojak  beds.  Near 
Kaisar,  east  of  Nushki,  I  met  traps  and  a  granitic  rock  of  similar  characters  to 
those  of  the  trap  and  granitic  rocks  of  Gatai  and  Dobrai,  north  of  the  Khojak. 

When  I  first  crossed  the  latter  pass  in  1880,  it  seemed  to  me  probable  that  the 
hippnritic  limestones,  which  compose  the  isolated  hills  on  the  north-west  side  of  the 
Khojak  Amran  range,  dipped  below  the  Khojak  sandstone ;  I  therefore  believed 
tiie  ktter  to  belong  to  the  upper  cretaceous  series,  equivalent  perhaps  to  the 
"  Vienna  Sandstone"  of  the  northern  Alps.  Since  then  I  have  had  an  opportunity 
of  actually  crossing  the  SulemAn  range,^  and  I  found  there  a  formation  of  sand- 
stone and  shales  underlying  the  upper  cretaceous  beds  of  the  Takht-i-Sulemi[n, 
which  appear  to  me  to  be  of  the  same  lithological  character  as  the  Khojak  beds. 
If  they  represent  these  beds,  then  the  latter  would  probably  belong  to  the  lower 
cretaceous  series  rather  than  the  upper,  and  my  interpretation  of  the  broken  sec- 
tion of  the  Khojak  would  be  erroneous.  A  careful  study  of  the  hills  between 
Ptojpai  and  Nushki  will,  no  doubt,  settle  this  point. 

The  valleys  between  the  rugged  hill  ranges  of   this  part  of   Biluchistau 

are  partly  filled  by  post-tertiaiy  and  recent  deposits,  mostly 
Poft-tertiariM  of  Bil-      gj^vels  and  clays,  with  a  capping  of  a  widely  spread  bed 

****"*  of  conglomerate  and  breccia,  which  I  also  found  forming 

extensive  plains  in  Southern  Afghanistan. 

Aerial  formations  in  the  shape  of  blown  sand  cover  large  tracts  in  these  wide 

valleys,    and  practically  aU  the  level  country    between 

Aeml  formatioM.  -^^i^^  and  the  Helmund  is  covered  with  sand-hills.     It  is 

characteristic  of  them  that  they  generally  form  low  hills  of  crescent  shape,  with  the 
horns  and  the  scarp  turned  to  leeward ;  the  inclined  plane  formed  by  the  currents 
of  air  are  therefore  generally  dipping  westwards  and  show  a  rippled  surface, 
neembling  closely  the  accumulations  of  drift  snow  on  the  high  Himalayas. 

As  the  sand-hills  gradually  advance,  they  uncover  here  and  there  the  beds 
below,  which  are  generally  a  thin  plastering  of  days  on  the  top  of  the  conglo- 
merate  already  noticed.* 

s  SuffTo,  Vol.  XVII,  ptrt  4. 

*  Ifemolra.  OaoL  Sorr.  Ind.,  XVIII,  p.  14. 
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The  higher  hills  between  Nnshki  and  Galichah  are  all  formed  of  igneous 

it^cks,  most  of  them  of  a  basio  type.    At  a  lew  pemts 
IfHiMoi  rocki.  of  the      •    T  .  Vi  -  .^.  T  :• 

Bllach  desert.  isolated    masses  of  a  gramtio  rock    ajipear,  and    near 

GUdchah  (Malik  Dokan)  I  met  a  caleareons  contact  rock 
witii  veins  of  g3rp6Tim  and  a  serpentine  with  veins  of  chrysolite,  which  is  quarried 
by  the  natives  for  ornamental  purposes. 

At  Galichah  one  enters  the  Lnt,  a  great  desert  which  stretches  down  to  the 
Hehnnnd  river,  and  the  greater  part  of  which  is  covered  with  blown  sand. 

The  geologioal  features  of  the  western  part  of  the  Helmnnd  area  are  ^tremdj 
Tb  H  1      A  ImoS  simple.    All  the  higher  ranges  are  the  western  and  south- 

western oontinnations  of  ofFshoots  from  the  Siah-Koh,  and 
are  composed  of  upper  cretaceous  beds  (hippnritic  limestone)  with  associated 

traps  and  sjenitic  granite.  The  limestone  is  f ossiliferoua 
Igne^^rockt.  "*•     throughout :  hippurites  are  found  in  great  numbers  in  all 

beds  of  this  formation.  Near  the  igneous  rocka  the  lime- 
stone is  converted  into  a  £ne-grained  white  marble. 

The  contact  rock  between  the  hippuritic  limestone  and  the  trap  is  precisely 

of  the  same  character  as  the  rock  which  contains  the  gold 

Contact  rock.  it-jii.  j*^       ji*  ^-i  «j*  tx 

near  Kandahar,  and  is  found  m  a  similar  position.    It 

is  in  situ  north  of  Sher  Buksh. 

The  range  north  of  Kala-i-E^ah  and  the  greater  mass  of  the  hills  crossed 

between  this  point  and  Pahri  are  formed  of  hippuritic  lime- 

Syenitio  granite*  stone  with  intrusions  of  trap.     The  valley  of  the  Karea-i- 

Dasht,  north  of  the  Anardara  pass,  is  formed  of  syenitic  granite,  of  later  age 

and  intrusive  in  the  trap* 

Bed  and  white  clays,  very  like  the  beds  of  the  Ghasiaband  pass,  near  Quetta, 

form  some  of  the  lower  ranges  and  plateaux  between  the 

TerUeriee  of   Sonth     trap  hills  of  Sher  Buksh  and  Pahri.    Near  the  latter  place 
AfghaniBtan,  near  Faun.  '^  ^ 

the  beds  of  this  formation  are  raised  up  and  dip  north-west 

at  a  varying  angle.    Near  Chah  Ghksek   I  found  some  remains  of  mammalian 

bones  in  a  bad  state  of  preservation.     Perhaps  these  beds 
are  of  Siwalik  age.     They  are  certainly  older  than  the 
clays,  sandstones,  and  conglomerates  which  overlie  them,  and  which  further  south 
form  widespread  areas  in  the  lower  Helmund  basin. 

The  geological  features  of  Afghan  Seistan  are  extremely  simple.     Only  later 
Af  h     Seittan.  tertiaiy  and  recent  deposits  are  met  with.     The  former  are 

Newer  tertiariea  and     of  fluviatile  and  aerial  origin,  and  overlie  the  coloured 
recent  roeka^  clays  with  mammalian  remains  of  Chah  Oaaek* 

The  prevailing  rocks  are  clays,  soft  sandstones,  and  gravels^  locally  with  enor- 
mous thicknesses  of  ^  loess  "  beds.  The  latter  are  thick  unstratified  beds  of  fine 
silt,  with  faLse-bedded  sandy  layers.  Vems  of  gypeum  are  frequent^  and  cavities, 
occasionally  still  retaining  some  lignitic  rootlets  and  stems  of  plants,  are  found 
throughout  the  deposit ;  such  cavities  are  also  characteristic  of  the  '*  loess  "  deposits 
of  Europe,  which  are  now  generally  supposed  to  be  of  aerial  origin. 

These  beds  form  high  scarps  along  the  banks  of  the  Helmund,  and  lower  down 
along  the  eastern  shores  of  the  Hamiin,  where  they  are  well  exposed.    In  litholo- 
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gioftl  chMaotcr  ttiey  WflemWe  ike  Upper  MancWiare  of  the  Ntei  gorge,  near  Sibi, 
of  wbich  they  are  probably  an  eqtdvaJent. 

Becent  and  posi-tertiary  deposits,  soft  sandstones  and  conglomerates,  both 

containing  worn  ntaterial  from  the  neighbonring  hill 
^•t-tertiariei  and     ^^ges,  are  found  in  considerable  thickness  in  the  Farah 

Bud,  the  Kash  Rndak,  and  capping  the  mammalian  beds 
of  Seistan  and  Bilnchistan.  Locally  the  conglomerate  is  replaced  by  a  hard 
limestone  breccia  (near  Oaliehah  in  Bilnchistan),  but  the  gronp  of  rocks  is  every- 
where  seen  to  overlap  and  even  to  rest  qnite  nnconformably  on  the  underlying 
mammal  beds  of  Seistan.  They  resemble  in  general  character  the  post-tertiaries 
of  Siiid,  of  the  Derajdt,  and  the  Punjab.  In  general  outlines  the  drainage  which 
produced  t^ese  beds  must  have  been  identical  with  the  drainage  of  the  rivers  of 
the  present  day,  though  here  and  there  the  area  may  have   been  much  more 

extended. 

The  range  which  runs  more  or  less  with  the  34®  North  latitude,  and  which  on 

onr  maps  bears  the  names  of  the  Siah  Koh  and  Doshakh 
f  ^taS^'  ^'**""^*^     mountains,  marks  a  complete  change  in  the  geological 

structure  of  Central  Asia.  Whereas  south  of  this  range 
no  older  rocks  than  of  the  cretaceous  period  are  known  to  exist,  the  Doshakh 
range  itself  consists  of  palsBozoic  rocks,  and  between  them  and  the  Tir-band-i- 
Turkistan  range  is  a  series  of  beds  all  dipping  more  or  less  north  or  north.east^ 
and  comprising  the  entire  upper  palssozoic  and  mesozoic  series. 

Up  to  the  present  I  obtained  the  following  sections.    In  the  Doshakh  range, 

from  Pahri  to  Zindajin  (Herat  valley)  ;  over  the  Chillin- 
Sections  obtwned.        ^^  ^^^^  ^^^  ^^  ^1^^  Doshakh  peaks,  and  from  ZindajAn 

to  Robat-i-pai ;  in  the  Paropamisns,  the  Band  l-i-Kaitu,  the  Band-i-B4ba  and 
the  Band-i-Znrmnst.  Unfortunately  these  sections  require  connecting  before  I 
can  form  a  perfectly  clear  idea  about  the  structure  of  these  mountain  ranges,  but 
I  believe  that  I  shall  have  another  opportunity  of  crossing  the  Herat  valley 

before    leaving^  Afghanistan,  to  complete  my   work,     t 
IJ.t  of  fonnationf.       ^^^^^  ^^^  following  groups  of  rocks  in  the  area  between 

the  Doshakh  range  and  the  Tir-band-i-Turkistan  : — 

In  descending  order : — 

Eeoent  and  pott-tertiarj         .    AUovinm  of  Hari  Rud  and  Mvrghib  Mndftooe  and  oonglo- 

meratef. 
ffiwifiln.  Upper  .  .    Sandstonei,    grits,    days    of    Qhorian    and    Tirpnl    (Hari 

Bud). 

.    Bad  and  white  days  of  Chesm  Sabs,  Sakhra  (Mnrghib). 

.    Tir-band-i-Turkestan  beds. 

.    Kiubk  sandstones,  Chakin  beds. 

.    Flant-beds  of  Band-i-B£ba,  Zormost  and  Karat6. 

.    Talchir  conglomerates,  sandstones,  tnd  shales.    Trsp. 

.    Pkt)dnctos  beds  of  Bobat-i-paL 

In  describing  the  rocks  I  will  begin  with  the  oldest  f  ormation,  which  waa  aim 
)  first  noticed  on  entering  the  Central  Asian  region* 

1  Bsod=spai«i 


^  Lower  . 

Cretaceous  . 
JoTSsnc 

Trias  and  Bhaetic 
Permian  f    . 
CuboniferoQS 
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The  Doshakh  range  appears  to  be  formed  of  one  or  more  great  a&tiolinals. 

The  south  side  of  the  range  is  composed  of   hipporitic 
CarbonifcroM.  limestone,  but  unfortunately  I  had  no  oppciriimity    of 

finding  out  the  relations  of  the  cretaceous  beds  to  the  older  rocks  composiDg  the 
main  range.  From  what  I  could  learn  by  crossing  the  Ghillingak  pass  from 
Pahri  to  Zindaj&n,  and  from  a  section  made  from  the  latter  place  to  Bobat-i-pai 
(near  the  centre  of  the  Doshakh  hills),  it  appears  that  a  grey  sandstone  with 
friable  shales,  somewhat  resembling  in  its  lithological  character  the  Khojak  beds, 
is  overlaid  by  hard  dark«blue  limestone  with  oalcspar  veins  which  oontams 
carboniferous  fossils  in  great  abundance.  There  are  several  species  of  Produ^h 
amongst  them  Pr.  semUreticulatuSy  Athyria  roissyi,  Fenestella,  and  corals. 

These  limestones  dip  about  20'  north  to  north-east  below  the  alluvial  deposits 
of  the  Hari  Bud.  Immediately  north  of  Bobat-i-pai,  on  the  north  side  of  the 
Hari  Bud  valley,  all  the  older  beds  are  hidden  by  extensive  day  and  sandstone 
beds  of  late  tertiary  age. 

A  section  through  the  Paropamisus  vid  the  Ardewan  pass  (north  of  Herat) 
may  probably  reveal  a  continuous  section,  and  this  I  hope  to  accomplish  as  soon 
as  the  weather  becomes  more  favourable. 

The  section  over  the  Band«i-Biba  from  Kushk  to  Herat  is  incomplete,  as  the 
runA  '  lUh^     fi  route  which  I  had  to  follow  over  the  pass  more  often  than 

not  runs  in  the  direction  of  the  strike  of  beds  and  over 
the  debris  and  recent  deposits  on  the  south  slope  of  the  range. 

I  found  north-east  of  Herat  the  low  spurs  which  reach  to  within  1,500  yards 

of  the  city,  and  on  which  the  Ziarat  Khwaja  Abdnllah.i- 
gf^^^g^  tneap      erat,      jg^ngari  at  Qhazegah  is  built,  to  consist  of  a  grey    thinly 

bedded  gneiss  with  gpranitic  veins,  dip  north-east.  The 
overlying  beds  I  did  not  see,  nor  could  I  find  again  the  carboniferous  Productus 
limestone  in  the  Band-i-B&ba  section.  The  part  of  the  Paropamisus  intervening 
between  this  point  and  the  south  side  of  the  Band-i-B&ba  pass  near  Palezkir  I 
could  not  touch  anywhere,  but  from  the  debris  found  on  the  great  **  fans  "  south 
of  it,  I  should  say  that  carboniferous  beds  will  be  found  north  of  Herat.  The 
Band-i-B&ba  is  g^atly  contorted,  and  the  centre  range  itself  is  formed  by  a  great 
anticlinal,  which  is  followed  towards  the  east  and  south-east  by  a  succession  of 
folds,  which  probably  are  continued  to  the  Davend&r  range. 

At  the  south  side  of  B&ba  pass  near  Palezk&r  I  found  an  extensive  formationi 

all  the  beds  of  which  dip  to  the  east  and  south-easty 
^^  netf        ei-      geemingly  quite  unconformably  to  the  gneiss  of  Ghasegah 

and  the  main  range ;  I  recog^nised  it  at  once  and  without 
trouble  as  Talchir,  the  basal  group  of  the  Indian  Oondw&na  system.  Boulder 
beds,  conglomerates,  greenish  sandstones,  and  shales  predominate,  accompanied 
by  red  and  yellow  clays  and  interbedded  trap.  The  latter  is  a  feature  which  re- 
minded me  at  once  of  the  boulder-bed  of  the  Karoo  formation  of  South  Africa^ 
Both  the  sandstone  and  the  shales  contain  traces  of  plants,  belonging  to  Yerte- 
braria  apparently. 

Whether  these  plant-beds  rest  unoonformably  on  the  carboniferous  lime- 
stones, as  the  differing  dip  and  strike  would  indicate,  I  am  at  present  unable  to 


viiT  1.]  ORnBSBiLCH:  Afghan  lield-notes.  68 

nj,  bat  liope  to  settle  this  point  before  very  long.  I  oonld  not  go  east  of 
Korokh  to  the  Davendar  range,  where  probably  the  upper  beds  of  the  Oond- 
winss  wonld  be  met  with. 

In  the  B4ba  pass  the  Talchirs  seem  to  form  the  lowest  beds  of  the  anticlinal 

and  are  overlaid  bj  a  great  thickness  of  sandstones,  lime- 
tlM  ^U  pMs.  ^      stones,  and  shales,  which  form  the  top  of  the  pass  and  the 

long  sloping  plateau  of  the  north  limb  of  the  anticlinal  as 
£sr  as  Chakfcn  and  Kushk.  These  beds  I  believe  to  represent  the  entire  middle  and 
upper  Gondw&ua  series.  Plant-beds  alternate  with  great  thickness  of  grits  and 
sandstones,  and  a  few  partings  of  Ostrea  beds  (limestones)  are  found  towards  the 
npper  half  of  the  group. 

The  sandstones  and  grits  assume  an  enormous  development  towards  the 

western  portion  of  the  Paropamisus ;  the  Band«i-Kaitti  is 
^SandstoMi  of  Bsna-i-     entirely  composed  of  sandstones,  g^ts,  and  conglomerates 

of  the  character  of  the  Mahadeva  sandstone. 
The  Band-i-Zurmust  shows  a  similar  geological  structure  with  one  difference. 

_     , .  „         ,  Within  the  trroup  of  Talchirs,  and  towards  the  lower  half 

Band-i-Zormiistk 

of  it,  appears  a  grey  limestone,  containing  coral  remains 

^     , ,«     ^  and  a  Nautilus.     Plant-beds  overlie  this  limestone,  and 

Conu  IiiDOTtoxie.  . 

the  north  slope  p£  the  Zurmust  with  the  Naratu  hill  seems 
to  be  composed  of  plant-beds  of  middle  GondwILna  character.  The  upper  strata 
of  this  series  between  NaratiS  and  Chak&n  seem  to  have  fewer  plant-beds,  whereas 
the  Ostrea  limestones  increase  in  thickness. 

This  group  of  rocks  presents  all  the  appearance  of  having  been  deposited 

along  and  near  a  sea-coast  line;  especially  the  upper 
portion  of  it  north  of  the  Zurmust  must  have  been  formed 
along  a  low  sea  coast  probably  of  varying  outlines,  and  we  thus  have  beds  pre- 
lentmg  all  the  character  of  our  Qondw^nas  with  plants,  the  strata  showing 
false  bedding,  alternating  in  the  higher  horizons  with  marine  shell  lime- 
stones. 

The  plant  beds  are  followed  by  thick  strata  of  an  earthy-white  limestone  of 

chalky  texture,  full  of  the  casts  of  gasteropods  and  bivalves, 
Kik  N  d     j"**'"?  alternating  with  a  white  calcareous  sandstone  with  numex^ 

ous  bivalves.  These  beds  form  a  belt  north  of  the  Paro- 
psmisus,  and  are  well  seen  between  Kushk  and  Kila  Nad,  wherever  the  afflu- 
ents of  the  Kushk  and  Murghilb  rivers  form  deep  ravines  in  the  plateaux. 

1  believe  this  white  shell  limestone  series  belongs  to  the  upper  Jurassic  epoch  ; 
^^  it  is  overlaid  by    the    Tir-band-i-Turkistan  limestones, 

SiuSfw^k!*"*       amongst  which  I  certainly  found  beds  with  cretaceous 

fossils,  but  the  description  of  which  I  reserve  for  my  next 
note. 
Sted  and  greenish-white  clays  are  in  great  force  in  the  wide-stretching  high 

plain  of  Ghesm  Sabz,  north-east  of  Kuhsan,  and  are  over- 
j^P^Jj™ '  ^^^  ^^^  Tirpul,  in  the  Hari  Rud  vaUey,  by  sandstones, 

silts,  clays,  and  grits.    I  believe  that  this  series  represents 
^^  Siwaliks.    Similar  beds,  with  great  deposits  of  gypsum,  and  containisg  some 
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fossils,  casts  of  sliells  of  IJnie,  aad  the  casts  of  AzmelidSv  I  met  near  Sakhra  on 

the  Mnrghdb. 

Bala  MitbohIb; 

8^^  January  1885. 

COERIGENOUM. 
The  Photphfttic  rocks  ai  Moaiui  (Mufooree)  (mpra,  VoL  TVU,  p.  198). 

Id  the  determination  of  the  compoeition  of  the  phoiphfttie  mineraU  lent  by  the  Ber.  Hr. 
Panoivi  from  Mnstooree,  as  given  in  the  Ust  number  of  the  Records,  two  operators  were  implicated^ 
and  owing  to  the  absence  on  leave  of  Mr.  Mallet  and  mjself  it  was  not  known  that  one  of  tbem» 
onr  new  Museum  Assistant,  was  very  inexperienced  in  laboratory  work.  Mr.  Mallet  bad  tang-fat 
bim  how  to  make  the  ordinary  assay  of  a  limestone,  bat  of  general  ehemieal  analysis  he  knew 
next  to  nothing.  It  thus  befell  that  when  hennder  took  to  determine  the  lime  in  thffse  stonea* 
not  knowing  the  peculinr  behaviour  of  this  substance  in  the  presence  of  phosphoric  acid,  be  only 
obtained  the  amount  of  lime  that  existed  in  excess  of  that  present  as  phosphate*  amounting  to 
8*42  per  cent.  Since  Mr.  Mallet* s  return  he  has  had  a  full  determination  made,  giving  2C*6  of 
lime,  of  which  18*6  was  present  as  phosphate,  representing  84*1  of  tUs  aalt  or  l&'B  of  phosphorie 
•cid.  being  abont  a  third  of  the  total  quantity  present.  The  stone  thns  remains  still  principally  a 
phosphate  of  alumina,  but  the  difference  Is  sufficient  to  call  for  a  correction  of  the  previous  state- 
ment, as  the  phosphate  of  lime  is  the  most  important  ingpredient.  The  stones  are  described  as 
occurring  in  some  abundance  and  at  many  different  places  in  brown  shales  immediately  overlying 
limestone,  so  they  may  yet  prove  of  economic  value. 

Of  even  greater  Interest,  eonridering  the  fnilure  hitherto  to  find  fossils  in  any  of  the  enter 
BimHlayan  rocks,  is  the  announcement  by  Mr.  Parsons  (under  date  of  21st  November  1884),  that 
he  has  obsf rvid  in  the  nodules  what  appear  to  him  to  be  minute  organisms.  Preparations  are  in 
blind  to  investigate  so  interest  ing  a  discovery. 

H.  a  MEDLICOTT. 

ADDITIONS  TO  THE  MUSEUM. 

Fbom  IsT  OoToBSB  TO  Slsv  Dbobkbbb  1884. 

Fossils  from  Nila  in  the  Salt  Bange,  Punjab,  from  the  bed  below  the  coal. 

Pbesbntbd  bt  Db.  H.  Wabtr. 
A  model  of  the  6or-do-Norr  diamond  afler  cutting.    Weight  24|  carats.    Valued  at  £25.000 

in  London  and  Paris.  Pbbsbbtbd  bt  Mbbsbs.  P.  Obb  and  Sons,  Madras. 

Specimens  of  quartz  pebble,  used  as  bearings  and  pivots  in  natire  flour-mills  at  Debra  Dnn, 

Punjab.  Pbbsbbtbd  bt  Db.  H.  Wabth. 

Specimens  of  cut  and  polished  ferruginous  limestone,  puddingstone,  siUcified  palm,  helio- 

trop0,  syenite^  jasper,  granito*  chalcedony,  ohert,  onyx,  and  agate,  purchased  at  Banda» 

N.  W.  P.  Pbesbntbd  bt  thb  Collbctob  or  Banda,  N.  W.  P. 

Specimens  of  gypsum*  beryl,  chalcedony,  rock  crystal,  schorl,  amethyst,  and  martite  from 

the  Bombay  Presidency.  Pbesbntbd  bt  thb  Bombat  Exhibition  Coxmitvxb. 

Specimen  of  a  polished  marble  paper-weight  from  Kathiawar. 

Pbesbntbd  bt  thb  Monayada  State,  Kathtawab. 
A  specimen  of  polished  marble,  and  two  of  polished  igneous  rock,  paper-weights  from 

Kathiawar.     Pbesbntbd  bt  H.  H.  thb  Nawab  Sahab  of  Junagad,  in  Eathiawab. 
Specimens  of  uncut  heliotrope  from  Kathiawar. 

Pbesbntbd  bt  thb  Thakub  Sahab  of  Mobyi,  in  Kathiawab. 
gpeoimens  of  tin  oxide  from  Singapore,  and  a  specimen  each  of  stalactite,  stalagmite,  and 

crystal  qoArts,  horn  Selangor.  Pbbsbntbd  bt  Mbssib.  Kjna  and  Co. 
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ADDITIONS  TO  THE  LIBRARY. 

FbOM  dST  OCTOBBB  TO  3l8T  DbCBMBBB  1884. 

Titles  of  Books,  Donors. 

AcHEFOHL,  X. — Das  Niederrheiniscb-Weetfaliscbe  Steinkohlengebirge.  Lief.  10  and  Snpple- 

meot    4**  Essen,  1883. 
AsoTLL,  Duke  of, — ^Tlie  Unity  of  Nature.    2nd  edition.    8**  London,  1884. 
Babsois,  Charles, — Recherches  soi  lea  terrains  anciens  des  Asturies  et  de  la  Galice.    4^ 

Lille,  1882. 
BucHB^  Charles  £, — CeratiocaridsB  from  the  Chemung  and  Waverly  Groups,  at  Warren , 

Fennsjlvania.    8^  Faro.  Harrisburg,  1884.  The  Authob. 

Beust,  i^W/2.— Untersucbung  Uber  fossile  Holzer  aas  Grouland.    4°  Pam.  Basel,  1884. 
Bbobb'b  Klasaen  und  Ordnungen  des  Thier-Reicbs. 

Baud  2,  Foriferm  Lief.  6. 

Band  5,  Abib.  2,  Lief.  13-15. 

Band  6,  Abth.  3,  Reptilien,  Lief.  42.    9P  Leipzig,  1884. 
Beowbb,  Hugh,  Junot, — The  higher  branch  of  Science,  or  Materialism  refuted  by  facts.    8* 

Melbourne,  1884.  Thb  Authob* 

Chambbelih,  T,  C, — Hillocks  of  angular  gravel  and  disturbed  stratification.    8^  Pam. 

New  Haven,  1884.  Thb  Authob. 

Cboss,  Whitman ;  Cbisolic  Frederic  F. ;  Chauvbhbt,  Regis ;  Dibst,  P.  Jff.  va».— The 

Artesian  Wells  of  Denver.    8°  Pam.  Denver,  Colorado,  1884. 

Thb  Authobs. 
DoLLo,  Z. — ^Note  snr  le  Batracien  de  Bemissart.    8"  Pam.  Bruzelles,  1884. 
Fee  WICK,  Thomas,  and  Bakbb,  Thomas, — Subterraneous  surveying   with  and  without  the 

magnetic  needle.    New  edition.    8°  London,  18^4. 
Foley,  Nelson. — A  pocket-book  of  coal  and  speed  tables  for  engineers  and  steam-users. 

12''  London,  1884. 
HiBCKBL,  Fmsi, — ^A  visit  to  Ceylon.    8^  London,  1883. 
Hardmak,  Edward  T, — Report  on  the  geology  of  the  Kimberley  district.  Western  Aus« 

tralia.    Flsc.  Perth,  1884.  Comm.,  Cbown  Lands. 

Haushovbb,  K, — ^Franz  von  Kobell.    Eine  Denkschrift.    4**  Pam.  Miinchen,  1884. 

RcTAL  Bavabiait  Acadbmt. 
HuiTT,  Robert, — ^British  Mining :  a  treatise  on  the  history,  discovery,  practical  development, 

and  future  prospects  of  metalliferous  mines  in  the  United  Kingdom.     8^ 

London,  1884. 
Htatt,  ^//>JI^««.— Fossil  Cephalopoda  in  the  Museum  of  Comparative  Zoology.    S''  Pam. 

Cambridge,  Mass.  1883.  Thb  Authob. 

XiEo,  William,  and  Rownbt,  T,  H, — An  old  chapter  of  the  geological  record  with  a  new 

interpretation :  or,  rock  metamorphism  (especially  the  metbylosed  kind) 

and  its  resultant  imitations  of  organisms.    With  an  introduction  giving 

an  annotated  history  of  the  controversy  on  the  so-called  "  Eozoon  Cana- 

dense,"  and  an  appendix.    8*^  London,  1881. 
KvpFFEE,  Car/.— Gedlacbtnissrede  auf  Theodor  L.  W.  von  BischofE.    4°  Pam.  Miinchen, 

1884. '  RoTAL  Batabian  Acadbmt. 

Mineral  statistics  of  the  United  Kingdom  of^Great  Britain  and  Ireland  for  1882.   Fisc.  Lon- 
don, 18S4.  Rbvenub  and  Aobicultubal  Depabtmbnt. 
M0J8I8OVIC8,  E.  V,,  and  Nbumatb,  M, — Beitrage  zur  Palaontologie  6steiTeich-Ungarns 

und  des  OrienU.    Baud  2,  heft  1-2,  and  Band  4,  heft  1-2.    4''  Wien,  1882 

and  1884. 

I 
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Titles  ofBooJcs.  Donon, 

MuBBAT,  James  A,  H.^-A  new  English  dictionary  on  historical  principles,  founded  main- 
ly on  the  material  collected  by  the  Fhilolo|;ical  Society.    Part  1.    4^  ' 
Oxford,  1884. 
NoETLiNO,  Fritz, — Die  Entwiokelnng  der  Trias  in  Niedersohlesien.    8^  Pam.  Berlin,  1880. 

The  Avthob. 
„  UeberLituites  lituns  Montfort.    8*'Pam.  Berlin,  1882. 

Tkb  Authob. 

„  Beitrag  znr  Systematisohen   Stellnng  des    Genns    Porambonttes 

Pander.    8""  Pam.  Berlin,  1883.  Thb  Authob. 

„  Die  Cambrischen  nnd  Silnrischen   Gescbiebe  der  Provinzen  Ost- 

nnd  West-Preussen.    8*  Berlin,  1883.  The  Authob. 

„  Ueber  das  Alter   der  samliindischen  Tertiarformation.    8*  Pam. 

Berlin,  1883.  The  Axtthob. 

„  Ueber  diatomeenfiihrende  Schichten  des  west  prenssischen   Diln- 

vinms.    8**  Pam.  Berlin,  1883.  The  Authob. 

„  Beitrage    znr   Kenntniss    der  Cephalopoden  ans    Silnrgeschieben 

derProvinzOst-PreuRsen.    8**  Berlin,  1884,  The  Authob. 

Pal^ontologie  FraoQaise.  l'*8^rie.  Animauz  In?^rtebr^s,  Terrain  Jnrassiqae.    Lirr.  71.    8^ 

Paris,  1884. 
Peacock,  S.  A. — Saturated  Steam,  the  motive  power  in  volcanoes  and  earthquakes  ;  great 

importance  of  electricity.    2nd  supplement.    8**  London,  1884. 

The  Author. 
Phillips,  J.  Arthur, — A  treatise  on  ore  deposits.    8°  London,  1884. 
Quekbtbdt,  JPr.   ^t/y.— Handbuch  der  Petrefaktenkunde.      Auflage  8,  Lief.  17-18.    8** 

Tubingen,  1884. 
Quenstedt,  .TV*.  ^f£^.— Petrefaktenkunde  Deutschlands.    Band  7,  Abth.  1,  heft  6.    With 

4!*  plates.    8°  Leipzig,  1884. 
HsADE,  T,  Mellard, — Experiments  on  the  circulation  of  water  in  sandstone.    8^  Pam. 

Liverpool,  1884.  The  Authob. 

Bbubyieb,  JE, — £tude    g^ologique  sur  le  nouveau  projet  de  tunnel  cond6  traversant  le 

massif  du  Simplon.    8*^  Pam.    Lausanne,  1883.  The  Authob. 

Boss,  {Lieui.'Col^  W,  A,  -The  Blow-pipe  in  Chemistry,  Mineralogy,  and  Geology,  contain- 
ing all  known  methods  of  anhydrous  analysis,  many  working  •  exam- 
ples, and  instructions  for  making  apparatus.     8**  London,  1884. 

ScHUiDLiN,  8, — The  glacier  garden,  near  the  lion  monument  at  Lucerne   8°  Pam.  Zurich, 

1876.  H.  B.  Medlicott,  Esq. 

Scott,  JT.  J, — South  Australia.    Beport  to  Calcutta  Exhibition  Committee.     Flsc.  Adelaide, 

1884.  H.  J.  Scott,  Esq. 

Summaries  of  the  reports  of  the  Inspectors  of  Mines  to  H.  M.'s  Secretary  of  Stnte,  and 

mineral  statistics  of  the  United  Kingdom  of  Great  Britain  and  Ireland 
for  1883.    Flsc.  London,  1884. 

Beyenue  LSD  Aobicultubal  Depabtment. 

Swift,  James, — ^The  microscope  and  accessory  apparatus :  notes  on  the  construction,  selec- 
tion and  use.  2nd  edition.    8^  London,  1883.  The  Authob. 

SzAJNOCHA,  Ladislaus, — Zur   Kenntniss  der  Mittelcretaciscben  Cephalopoden-Fauna  der- 

Inseln  Elobi  an  der  Westkuste  Afrika's.    4""  Pam.  Wien,  1884. 

The  Authob. 

Taoobe,  Sourindro  Mohun, — Mani-Mala,  or    a  treatise  on  gems.    2  Parts.    8°  Calcutta, 

1879  and  1881.  The  Authob. 
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Titlet  of  Books,  Donort, 

The  Norwegian  Korth  Atlantic  Expedition,  1876-187d.    Zoology.    Asteroidea,  by  D.  C. 

Danielssen  and  Johan  Koren.    4^  Christiania,  1884.      The  Comicittbb. 

Thohsoh,  {Sir)  C.  Wyville,  and  Mubbay,  John, — Report  on  the  scientific  results  of  tKe 

voyage  of  H.  M/s  S.  "Challenger"  during  the  years  1873-76.  Zoology, 
Yol.  9,  text  and  plates.    4*^  London,  1884. 

Secbetabt  of  Static  fob  India. 

Watts,  Henry. — Manual  of  Chemistry.    Vol.  1,   Physical  and  Inorganic  Chemistry.    8* 

London,  1883. 

Year-buok  of  the  scientific  and  learned  Societies  of  Qreat  Britain  and  Ireland :  giviDg  an 

account  of  their  origin,  constitution,  and  working.  With  appendix,  com- 
prising a  list  of  the  leading  scientific  societies  throughout  the  world. 
6th  issue.    8**  London,  1884 


PERIODICALS,  SERIALS,  &o. 

American  Journal  of  Science.    8rd  series.    Vol.  XXVTII,  Nos.  166—167.      8*  New  Haven, 

1884.  Thb  Editobs. 

American  Naturalist.    Vol.  IX,  No.  9 ;  Vols.  XII  to  XVII ;  and  XVIIT,  Nos.  8—10.    8° 

Salem  and  Philadelphia,  1875  and  1878—1884 
AnnaleD  der  Physik  und  Chemie.    Neue  Folge.  Band  XXIII,  hefl  1—3.    8®  Leipzig,  1884. 
Annales  des  Mines.    8"'  s^rio.  Tome  V,  livr.  2—3.    8'  Paris,  1884. 

L'Admiks.  DBS  Mines. 
Annskles  des  Sciences  Natarelles.    6"*  s^rie.  Botanique,  Tome  XVIII,  Nos.  1 — 6  ;  Zoologie, 

et  PaWontologie,  Band  XVII,  Nos.  1—2.    8**  Paris,  1884 
Annals  and  Magazine  of  Natural  History.    6*^  series.  Vol.  XIV,  Nos.  81—84    8**  London, 

1884. 
Atheiueam.   Nos.  2968—2980.    4"*  London,  1884 
Beiblatter  zu  den  Annalen  der  Physik  und  Chemie.  Band  VIII,  Nos.  9—11.    8^  Leipzig, 

1884 
Biblioth^ue  IJniTerselle.   Archives  des  Sciences  Physiques  et  Naturelles.  3**  p^riode.  Vol. 

XII,  Nos.  7—9.    8'  Geneve,  1884 
Bibliothfeque  Universelle  et  Revue  Suisse.    3"'  p^riode.  Tome  XXIII,  No.  68  to  XXIV, 

No.  70.     8**  Lausanne,  1884 
BoUoisches  Centralblatt.     Band  XIX,  No.  9  to  XX,  No.  9.    8"*  Cassel,  1884. 
Chemical  News.  Vol.  L,  Nos.  1294—1306.    4°  London,  1884. 
Colliery  Guardian.  Vol.  XLVIII,  Nos.  1236—1248.    Fol.  London,  1884 
Das  Ausland.  Jahrg.  LVII,  Nos.  36—47.    4°  Munchen,  1884 

Geological  Magazine.    New  Series,  Decade  III,  Vol.  1,  Nos.  9--12.    8*  London,  1884 
Geological  Record  for  1877  and  1878.    8**  London,  1880  &  1882. 
Iron.  Vol.  XXIV,  Nos.  609—621.    Fol.  London,  1884 
Journal  de  Conchyliologie.    3'»'  s^rie.  Tome  XXIV,  No.  2.    8'  Piris,  1884 
Journal  of  Science.    3d  series.  Vol.  VI,  Nos.  128—130.    8**  London,  1884.        Thb  Editob. 
JtJBT,  Leopold,   -Botanischer  Jahresbericht  Jahrg.  IX,  Abth.  II,  heft  2.    8"  Berlin,  1884 
London,  Edinburgh,  and  Dublin  Philosophical  Magazine  and  Journal  of  Science.    6*^  series. 

Vol.  XVIII.  Nos.  112—116.     8'  London,  1884. 
Mat^aux  pour  1*  histoire  primitive  et  naturelle  de  1*  Homme.  2"*  s^rie.    Vols.  II — V,  VII, 

VIII,  and  X— XIII.    8'  Toulouse  and  Paris,  1872—1883. 
Mining  Journal,  with  supplement.  Vol.  LIV,  Nos.  2669—2671.    Fol.  London,  1884. 
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Titles  of  Books,  Lonors. 

Natara  Novitates.  Nos.  16—22.    8**  Berlin,  1884. 

Nature.  Vol.  XXX,  No.  776  to  Vol.  XXXI,  No.  788.    4'  London,  1884. 

Neues  Jahrbuch  fiir  Mineralogie.  Geologie  and  Fal»ontologie.    Jahrg.,  1884,  Band  II,  heft 

3.    8^  6tutt{?art,  1884. 
Palaeontograpliioa.    Band  XXXI,  Lief.  1-2.    4**  Caesel,  1884. 

Petermann's  Geographisohe'Mittheilangen.    Band  XXX,  Nos.  9 — 11.    4"  Gotha.  1884. 
Professional  tapers  on  Indian  Engineering.    3rd  series.  Vol.  II,  No.  7.  Flso.  Roorkee,  1884. 

Thoxason  Collbob  of  Civil  Enoimbbbiko. 
Quarterly  Journal  of  Mioroscopical  Science.    New  series.  Vol.  XXIV,  No.  96.  8*  London, 

1884. 
Zeitschrif t  fiir  Naturwissenschaften.    Folge  4.  Band  III,  heft  4.    8°  Halle,  1884. 


GOVERNMENT  SELECTIONS,  REPORTS,  &o. 

Assam. — Report  on  the  administration  of  the  province  of  Assam,  for  the  years  1874-75  and 

1875-76.    8*  ShilloDf^,  1877.  Chibf  Commissionbb  of  Assam. 

BUNOAL.— Report  on  the  administration  of  Bengal,  for*  1880-81  to  1882-83.    8^  and  Flsc 

Calcutta,  1881—1884.  Govebvmbnt  of  Bbnoal. 

„        Selections  from  the  records  of  the  Government  of  Bengal.  No.  46.    Flsc.  Calcutta, 

1873.  GOVBBNMBNT  OF  BbVOAL. 

„        The  Quarterly  Bengal  Army  List  for  October  Ist.  1884.    Neir  series.  No.  90. 
8°  Calcutta,  1884.  Govbbkmbitt  PBiNTme  Officb. 

Bombay.— Gazetteer  of  the  Bombay  Presidency.  Vol.  VIIL  8°  Bombay,  1884. 

Bombay  GovBBmiBKT. 
„         Watson,  Major  J.  W. — Statistical  account  of  Bh^vnagar.  (From  Bombay  Gazet- 
teer.) 8°  Bombay,  1878  and  1880.  F.  Feddbn,  Esq. 
„         Watson,  Major   J,   W, — Statistical  account  of  Naw4nagar.    (From  Bombay 
Gazetteer.)    8*  Bombay,  1879.  F.  Fbddbn,  Esq. 
Cbntbal  Pbovincbs. — Report  on  the  administration  of  the  Central  Provinces  for  1883-84. 

Flsc.  Nngpur,  1884.  Chibf  Commissionbb,  Cbntbal  Pboyincbs. 

India. — Annual  statement   of  the   trade   and  navigation  of  British  India  with  foreign 

countries,  and  of  the  coasting  trade  of  the  several  presidencies  and  pro- 
vinces, in  the  year  ending  31st  March  1884.  Vol.  I,  No.  18,  Foreign 
trade ;  and  Vol.  II,  No.  18,  coasting  trade.  4^  Calcutta,  1884. 

Govbbnmbnt  Pbintino  Officb. 
„        O'CoNOB,  J.  E, — Review  of  the  acconnts  of  the  sea-borne  foreign  tnide  of  British 

India,  for  the  year  ending  31st  March  1884.    Flsc.  Simla,  1884. 

Dbpabtmbnt  of  Financb  and  Commbbcb. 
„        Indian  Meteorological  Memoirs.  Vol.  II,  part  3.    4*"  Calcutta,  1884. 

Mbtbobolooical  Rbpobtbb  to  Govbbnmbnt  of  India. 
„        Meteorological  observations  recorded  at  six  stations  in   India  in  1884,  reduced 

and  corrected.    April  and  May  1884.    4''  Calcutta,  1884. 

Mbtbobolooical  Rbpobtbb  to  Govbbnmbnt  of  India. 
„        Report  on  the  administration  of  the  Meteorological  Department  of  the  Government 

of  India  in  1883-84.    4!"  Calcutta,  1884. 

Mbtbobolooical  Rbpobtbb  to  Govbbnmbnt  of  India. 
„        List  of  civil  officers  holding   gazetted  appointments  under  the  Government  of 

India  in  the  Home,  Leg^lative,  and  Foreign  departments,  as  it  stood  on 
the  1st  July  1884.    8*  Calcutta,  1884.  Homb  Dbpabtmbnt. 
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TitUi  of  Books.  Donors. 

IvDii. — Report  on  the  admiDistration  of  the  Persian  Gulf  Political  Residency  and  Muscat 

Political  Agency  for  1883-84.    Flsc.  OalcntU,  1884. 

FOBBIGN    DbPABTMSNT. 

MiDBis.— Administration  report  of  the  Government  Central  Moseam,  Madras,  for  1883-84. 

Flsc.  Madras,  1884. 

SUPBBINTBKDBNT,  GoTBBlflCBKT  CbNTBAL  MuSBUK,  MaDBAS. 

„       Administration  report  of    the  Meteorological  Reporter  to  the  Government  of 
Madras  for  1883-84.    8''  Madras,  1884. 

METBOBOI.OOICAL   RbFOBTBB  TO  GOYBBKMBNT  OF  MaDBAB. 

N.-W.  Pboyircxs — Report  on   the  administration  of  the  Northern  India  Salt  Revenne 

Department  for  1883-84.    Flsc  Agra,  1884. 

COICICISSIONBB,  NOBTHBBir  IlTDIA  SaLT  RbTBITUB. 


TRANSACTIONS,  PROCEEDINGS,  Ac,  OF  SOCIETIES,  SURVEYS,  Ac. 

Ambtbbdak. — Jaarboek  van  het  Mijnwezen  in  Nederlandsch  Oost  Indie.  Jahrg.,  XIII, 

pt.  1.    8°  Amsterdam,  1884 

Rbybfttb  aitd  Agbicultubal  Dbpabtmbnt. 
BiiLiH.-^Abhandlnngen    der    Kbniglichen    Akademie  der  Wissensohaften.    1872 — 1878, 

4'  Berlin,  1873—1879. 
„  Zeitsohrifl  der  Dentschen  Geologischen  Gesellschaffc.    Band  XXXYI,  hefb  2. 

8^  Berlin,  1884.  Thb  Socibtt. 

BoLOOKA. — Memorie  della  Aocademia  delle  Scienze  dell'  Istituto  di  Bolos^na.  4th  series 

Yol.  IV.    4**  Bologna,  1882.  Thb  Institittb. 

BiussBLB. — ^Bulletin    de    la   Soci^t^    Royale    Beige    de   Geographic.    1884,   Nos.  3 — 4. 

8*  Bmxelles,  1884.  Thb  Socibtt. 

BdDAFBST. — Fabeass,  Bohert. — Katalog  der  Btbliothek  nnd  Allg.  Kartensammlung  der 

Kon.  Uogar.  Geologischen  Anstalt.    8°  Budapest,  1884. 

Thb  Iitbtitutb. 
Fdldtani  KozlSny.  Kotet  XIY,  fiizet  4—8.    &"  Budapest,  1884. 

Thb  lUflTiTUTB. 
„  Jahresbericht  der  K.  U.  Geologischen  Anstalt  fur  1883.    8°  Budapest,  1884. 

Thb  Iwbtitutb. 

„  Mittheilungen  aus  dem  Jahrbnche  der  Kon.  Ungarischen  Geologischen  Anstalt. 

Band  III,  heft  1-4.    S""  Budapest,  1874-1879.  Thb  Institutb. 

BiTBNos  AiBBS. — Boletin  de  la  Academia  Nacional  deCiencias.  Tomo  YI,  No.  1.   8**  Buenos 

Aires,  1884.  Thb  Acadbmt. 

Calcutta. — Catalogue  of  the  library  of  the  Asiatic  Society  of  Bengal,  by  Walter  Arnold 

Bion.    8"^  Calcutta,  1884.  Thb  Socibtt. 

„  Journal  of  the  Asiatic  Society  of  Bengal.    New  series.  Vol.  LIII,    part  1, 

No.  2,  and  part  2,  No.  2.    8**  Calcutta,  1884.  Thb  Socibtt. 

,.  Proceedings  of  the  Asiatic  Society  of  Bengal.  Nos.  7 — 9.  8^  Calcutta,  1884. 

Thb  Socibtt. 
„  Memoirs  of  the  Geological  Survey  of  India.  Yol.  XXI,  part  1.  8*  Calcutta,  1884. 

Gbolooical  Subtbt  of  India. 
n  PalsBontologia  Indica.    Series  X,  Vol.  Ill,  parts.  3 — 4,  and  XIII,  YoL  I,  part  4 

(fasc.  4),    4!"  London  and  Calcutta,  1884. 

Gbolooical  Subtbt  or  Imdia. 
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Titles  of  Boohs,  Donors. 

Calcutta. — Records  of  tlie  Geological  Surrey  of  India.  Vol.  XVII,  part  4.  8**  Calcutta,  1884. 

Gbological  Subtbt  of  India. 

,f         Survey  of  India   Department.    Notes    for  August  to  November  1884.    Flsc. 

Dehra-Dun,  1884  Survey  of  Ikdia. 

Cahbbidge,  Mass. — Bulletin  of  the  Museum  of  Comparative  Zoology.  Vol.  XI,  No.  lO.  8** 

Cambridge,  1884.  MusEUK  of  Compabativb  ZooLoaT. 

i.  Memoirs  of  the  Museum  of  Comparative  Zoology.  Vol.  IX,  No.    3. 

4^  Cambridge,  1884.  Musetjk  of  Cohpabativb  Zoology. 

CorBKHAGBV.*— Mtfmoires    de  TAcad^mie   Boyale    de    Copenhague.    6"*    s^rie.  Vol.     II, 

Nos.  6,  9,  and  10.    4*  Copenhague,  1884.  Thb  Acadbhy. 

M  Oversigt  over  det  Kongelige  Danske  Videnskabemes  Selskabs.  No.   2.     8" 

Kjobenbavn,  1884.  Thb  Acadbmt. 

Fbankfubt-a-Main. — Abhandlungen  der  Senckenbergiscben  Naturforschenden  Gesellschaft. 

Band  XIII,  heft  3—4.    4"  Frankfurt-a-Main,  1884. 

Glasgow.— Glasgow  University  Calendar  for  1884-86.    8**  Glasgow,  1884. 

Thb  Univbbsity. 

„  Proceedings  of  the  Philosophical  Society  of  Glasgow.  Vol.  XV.    8^  Glas|fow, 

1884.  Thb  Socibtt. 

Hallb. — Abhandlungen  der  Naturforschenden  Gesellschafl;  zu  Halle.    Sand  XVI,  heft   2. 

4*  Halle,  1884.  Thb  Socibtt. 

„         Bericht  uber  die    Sitzungen  der  Naturforschenden    Gesellschaft  zu   Halle,    im 

Jahre  1883.    8°  Halle,  1884.  Thb  Society. 

Li^GB. — Catalogue  des  ouvrages  de  g^ologie,  de  min^ralogie  et  de  pal^ontologie  ainsi  que 

des  cartes  g^ologiques  qui  se  trouvent  dans  les  principales  biblioth^aes 

de  Belgique,  par  G.    Dewalque.    8°  Li^ge,  1884. 

Thb  Society. 

LiVBBPoOL. — Proceedings  of  the  Liverpool  Geological  Society.  Vol.  IV,  part  6.    8°  Liver- 
pool, 1884.  Thb  Society. 
LoNix>N. — Catalogue  of  the  specimens  illustrating  the  osteology  and  dentition  of  vertebrated 

animals,   recent  and  extinct,  contained    in  the   museum   of  the  Royal 
College  of  Sargeons  of  England.    Part  2.  Class    Mammalia,  other  than 
Man,  by  William  Henry  Flower  and  John  George  Garson.    8^   London 
1884. 
y.  Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland.  VoL  XIV, 

No.  1.    8^  London,  1884. 
„  Journal  of  the  Iron  and  Steel  Institute.    No.  1, 1884.    8"  London,  1884. 

Thb  Institute. 

„  Journal  of  the  Linnean  Society  of  London.  Vol.  XVII,  Zoologj,  Nos.  101 — 102 ; 

Vol.  XX,  Botany,  Nos.  130—133.    8**  London,  1883-1884. 

Thb  Society. 

„  List  of  Fellows  of  the  Linnean  Society  of  London,  October  1883.    8**  London, 

1883.  The  Society. 

f,  Proceedings  of  the  Linnean  Society  of  London,  from  November  1882  to  June 

1883.    S"*  London,  1883.  The  Society. 

„  Transactions  of  the  Linnean  Society  2'*  series.    Vol.  IT,  Zoology,  parts  9 — 10, 

and  Vol.  Ill,  part    1,     Vol.    II,    Botany,    parts    6 — 7-    4°   London, 
1883—1884.  Thb  S6cibty. 

„  Journal  of  the  Boyal  Asiatic  Society  of  Great  Britain  and  Ireland.    New  series. 

Vol.  XVI,  part  4.    8^  London,  1884.  The  Socibtt. 
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htfDQs. — ^List  of  Fellows  of  the  Royal  Society  of  London  for  1883.    4''  London,  1884. 

The  Socibtt. 

»  Philoeopliioal  Transactions  of  tHe  Royal  Society  of  London.    Vol.  174,  parts  2-3. 

4''  London,  1883.  Thb  Socibtt. 

„  Proceedings  of  the  Royal  Society  of  London.     Yol.  ZXXYI,  No.  231,  and 

Vol.  XXXVII,'No.  232.    8"  London,  1884.  Thb  Socibtt. 

„  Journal  of  the  Society  of  Arts,  Yol.  XXXII,  Nos.  1660—1672.     8**  London, 

1884.  Thb  Societt. 

List  of  Fellows,  &c.,  of  the  2^ological  Society  of  London,  corrected  to  June  Ist 

1884.    8**  London,  1884.  Thb  Socibtt. 

Proceedings  of  the  Zoological  Society  of  London  for  1884.     Parts  2  and  3.    8** 

London,  1884.  Thb  Socibtt. 

11  Mineralogical  Magazine  and  Journal  of  the  Mineralogical  Society.  Yol.  YI,  No. 

27.    8*  London,  1884. 

i>  Proceedings  of  the  Royal  Geographical  Society.  New  series.    Yol.  YI,  Nos.  8 — 10. 

8**  London,  1884.    -  Thb  Socibtt. 

«>  Qaarterly  Journal  of  the  Geological  Society.    Yol,  XL,   part  3,  No.  159.    8^ 

London,  1884.  Gbological  Societt  of  London. 
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A  foBsOiferoiis  series  in  the  Lower  Himalaya,  Oarhwal^  hy  C.  S.  Middlemiss,  6.  A., 

Oeological  Survey  of  India. 

Thia  note  is  to  put  qn  record  a  find  of  fossils  made  bj  me  in  March  from  rocks 
o!  Use  Lower  Himalaya  of  British  GFarhw^l,  all  which  have  hitherto  proved  barren, 
save  for  comminuted  fragments  of  shells^  in  the  Mdndh&lis  known  as  the  Til  lime- 
stone, a  series  which  I  have  in  addition  shown  to  be  the  westward  extension  of 
these  same  fossilif erous  rocks. 

The  find  is  not  large,  nor  are  the  specimens  all  that  could  be  desired  in  point 
of  preservation;  for  frequently,  owing  to  subsequent  crystallisation  and  to  oolitic 
aggregation,  many  have  been  spoilt. 

Corals,  Belemnites,  Lamellibranchs,  and  Ghiateropods,  usually  all  of  small  size, 
form  the  staple  of  the  rock  contents,  but  writing,  as  I  am,  from  the  field,  I  can 
do  no  more  at  present  than  indicate  their  probable  Jurassic  age. 

The  places  I  found  most  suitable  for  collecting  are  the  northern  slopes  of  the 
Dhalniya-ka-danda,  at  Gajwara*  (Gujbara  6f  map),  and  five  miles  to  the  west- 
north.west  in  a  small  ridge  east  of  TJmrela  (Oomrela).. 

The  petrological  characters  of  the  fossilif  erous  rock  series  are  as  follows : — In 
PatrblAirT  *^®  main  it  is  either  a  grit  or  a  quartzite,  with  here  and 

there  a  tendency  to  become  calcareous  or  conglomeratic. 
Though  some  irregularities  seem  to  show  that  the  calcareous  band  is  not  constant 
in  vertical  position,  and  that  the  conglomerate  varies  very  much  in  coarseness  in 
different  localities,  still  a  good  general  sequence  can  be  made  out.  The  lowest 
rock,  when  seen,  is  of  millstone-g^it  type,  a  good  sound  rather  coarse-grained 
stone  that  would  make  excellent  building  material.  The  quartz  grains  are  quite 
distinct,  slightly  angular,  and  of  a  milky- white  or  smoky  colour ;  they  are  set  in 
a  pale-yellow  earthy  matrix,  and  on  weathered  surfaces  stand  out  white  against  black 

*  Bronght  to  notice  in  18fi4  (Meinoir<9,  G.  S.  I.,  Ill,  part  2,  page  69). 

>  E.  loo.  78"  42f,  N.  lat.  29"*  47'.    Sheet  No.  7  of  the  1-inch  mnpa  of  Kamaaii  and  British 
QnrhwaL 
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in  a  way  nnlike  anj  other  rocks  in  this  neighbourhood.    The  conglomerate  merely 
differs  from  this  by  having  the  milk-white  qnartz  pebbles  of  larger  size^  bnt  still 
retaining  their  slight  angularity.     At  one  place  near  Aldabon.  I  found  a  yariety 
containing  limestone  pebbles  in  addition  to  those  of  qnartz.     Besides  becomiDg 
conglomeratic  in  parts,  this  same  grit,  in  nearly  every  section  I  have  seen,  has  at 
one  horizon,  generally  near  the  base,  a  calcareous  element,  which,  entering  into  the 
composition  by  small  instalments  in  the  more  eastern  parts  of  the  area  under 
consideration,  becomes  more  pronounced  on  the  northern  flanks  of  the  Dhalniya- 
ka-danda,  the  ridge  at  Gajwara,  and  generally  in  the  direction  of  the  Til  lime- 
stone,   with  which  it  ultimately   coincides.     The  greater  or  less  quantity  of 
lime  present  has  not,  however,  destroyed  its  marked  external  appearance  $  in  eveiy 
locality  it  shows  up  as  an  indigo-blaok  rock,  very  often  forming  a  scarp  some  30  or 
40  feet  high.     It  is  never  pure  limestone,  but  always  shows  the  blebs  and  grains 
of  quartz  ;.  even  where  the  limestone  is  most  crystalline  these  can  always  be  detect- 
ed outside  in  relief,  whilst  the  finer  particles  have  become  nuclei  for  oolitic  grains 
which  sometimes  crowd  the  rock.  This  is  the  fossiliferous  bed,  and  it  has  an  aver-, 
age  thickness  of  not  more  than  50  feet. 

In  an  upward  direction  the  coarse  grit,  bearing  its  limestone  and  conglomer-^ 
ates,  passes  by  insensible  gradations  into  a  compact  massive  quartzite,  white,  or 
faintly  tinged  with  violet.  This  has  a  large,  but  unknown,'  thickness.  To  the  east- 
south- east  at  Chaprait  (sheet  No.  8),  and  the  higher  hills  north,  it  is  seen  in  force, 
but  beyond  I  have  not  yet  had  time  to  trace  it. 

Though  in  the  future,  when  the  fossils  are  identified,  this  rock  may  form  a 

horizon  from  which  to  reckon  beds  stratigraphically  asso^ 

ciated  with  it,  at  present  it  is  well  rather  to  speak  of  it  in 

terms  of  the  formations  above  and  below  it,  and  more  especially  as  the  overlying 

one,  a  massive  blue-grey  limestone,  has  already  a  very  probable  equivalent  in  the 

Krol  limestone. 

But  to  commence  with  those  beneath  it.    They  are  purple  and  green  slates  and 
Bfidfl  bfil  ^^  angular  volcanic  ash  or  breccia.     From  their  invariable 

nearly  vertical  bedding  it  was  some  time  before  I  decided 
which  was  the  upper.  At  length  a  section  in  the  Khoban  river  gave  me  the  clue : 
there  the  ashes  slack  o£E  their  high  northerly  dip,  and  above  them  the  purple  and 
green  slates  arch  over  to  the  south,  and  helped  by  a  fault,  cover  them  in  entirely 
for  a  short  distance.  This  note  does  not  profess  to  enter  into  details  with  regard 
to  these  beds.  It  is  enough  at  present  to  say  that  they  must  have  very  great 
thickness,  reckoned  probably  by  miles ;  that  the  volcanic  breccia  is  itself,  certainly 
in  places,  a  mile  thick  without  any  important  constituent  change  ;  that  though 
undoubtedly  volcanic  in  origin,  either  direct  or  indirect,  it  possesses  very  few  frag- 
ments of  igneous  rocks ;  nor  is  it  associated  with  any  outpourings  of  lava,  nor 
with  igneous  intrusions,  of  which  I  have  seen  none  in  this  area.  Of  the  purple 
and  green  slates,  it  suffices  here  to  say  that  they  are  very  uniform  until  Kilogarhi 
mountain  is  approached.  The  mass  of  that  height  is  Chor  gneiss ;  *  and  from  what- 
ever cause,  the  slates  on  approaching  it  become  altered  in  two  modes— they  level 

^  kw  iutrnsive  rock. 
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out  dipping  only  slightly  tov^ards  the  moantain  on  all  sides,  and  they  at  the  same 
time  become  schistose,  schists,  and  garnetiferous  schists. 

It  is  now  necessary  to  say  what  is  the  relation  between  the  fossiliferons  beds 

RelRtion  of  the  fossili-  ^^^  those  underlying  slates  and  ashes,  and  also  to  fix  some 
ferona  beds  to  those  he-  ^^w  definite  localities.  To  this  end  the  section  up  the 
^^'  Mandal  riref,  and  on  the  ridge  west  of  it,  in  the  neighbour- 

hood of  Dobriah,  is  absolutely  conclusive.  That  in  the  river  bed  from  near 
Dfaimdhar  to  Jdmri  exhibits  nothing  but  the  ashes  striking  about  east  and  west, 
the  strata  either  vertical  or  inclined  at  angles  of  80^  and  70^  either  one  way  or  the 
other.  I9ot  a  yard  of  the  distance  is  unexposed.  The  lower  parts  of  the  ridge  from 
Dhargaon  to  near  Ghaprait  are  the  same  both  on  its  east  and  west  sides.  But  the 
numerous  summits  into  which  the  ridge  has  weathered  are  all  formed  of  an  approx- 
imately horisontal  capping  of  the  pebbly  grit  with  a  calcareous  lower  bed.  At 
this  place,  however,  the  lime  in  the  rock  is  not  abundant^  nor  did  I  get  fossils, 
though  they  may  nevertheless  be  there,  for  my  find  was  subsequent  to  mapping 
this  part,  and  I  was  not  specially  on  the  look-out  for  them. 

If  more  evidence  for  the  marked  unconformity  between  these  two  series  were 
wanting,  it  is  found  in  the  further  extension  of  the  pebbly  grit  and  calcareous 
band  along  the  ridga  At  a  point  almost  due  west  of  Dh&mdhar,  where  is  a  gap 
over  into  the  Haldgadi  river,  they  rest  on  the  purple  and  green  slates,  which  are 
striking  east  and  west  with  a  nearly  vertical  dip  similar  to  the  ashes. 

Here  too  it  is  seen  that  they  underlie  the  massive  blue-grey  limestone  which 

forms  the  top  of  Dhargaon.  From  Dhargaon  a  tolerably 
onTw^  to  thUTw      well-defined  ridge  runs  west-north-west  up  to  the  Kote- 

dwar  glen  cut  thi*ough  at  intermediate  places  by  the 
Haldgadi  and  Palain  rivers.  Its  formation  is  the  same  throughout  as  at  Dhar- 
gaon, with  a  slight  exception :  the  north  flanks  have  always  the  pebbly  grit»  with 
its  calcareous  band  below  and  quartsdtes  above  in  a  continuous  exposure  dipping 
at  30^  or  40°  south-south-west,  whilst  the  summit  and  southern  flanks  have  the 
superposed  massive  limestone,  which  is  cut  ofF  to  the  south  by  the  main  bound- 
ary fault  letting  in  the  later  tertiary  sand-rock.  The  exception  is  near  the 
Kotedwar  glen  north  of  Aldabou,  where  the  limestone,  having  gradually  lost 
its  hold  on  the  ridge  summit  and  become  confined  to  the  southern  slope,  is  at 
last  entirely  cut  off  by  the  main  boundary  fault.  Of  course  it  must  not  be  sup- 
posed that  there  are  no  slight  disturbances  affecting  these  relations  :  at  Gajwara 
inversions  of  the  fossiliferons  beds  complicate  matters  a  little ;  but  on  the  whole 
the  steady  strike  and  the  absence  of  important  structural  faults  render  the 
sequence  perfectly  intelligible,  notwithstanding  the  violent  contortions  and  the 
heavy  jungle  which  clothes  the  hills. 

It  is  now  necessary  to  return  eastward  of  Dhargaon  for  an  exposure  of  im- 
portance. Just  as  in  a  westward  direction  the  limestone  was  gradually  lost  by 
the  strike  of  the  beds  and  the  strike  of  the  main  boundary  fault  meeting  near 
Aldabou,  so  eastward,  on  account  of  their  divergence,  the  south  edge  of  the 
limestone  becomes  free  at  Jhirt,  and  is  seen  to  lie  not  upon  the  pebbly  grits  but 
upon  the  purple  and  green  slates.  This  evidence  so  far  as  it  goes  argues  an  un- 
conformable position  for  the  limestone  ;  but  it  might  not  be  so  ;  the  fossiHferous 
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beds  might,  being  conformable  to  the  limestone,  have  tbinned  otxt ;  and  this  would 
indeed  be  plausible  were  it  not  for  the  great  thickness  which  the  qnartzites  attain 
north  of  Ghaprait  and  J&mri,  making  it  almost  incredible  that  they  oonld  have 
thinned  away  to  nothing  in  a  distance  of  only  3  or  4  miles. 

We  have  now  seen  that  the  fossil-bearing  series  lies  in  certain  places  nneon' 
f ormably  above  a  set  of  slates  and  volcanic  ashes,  and  nnconf ormably  beneath  a 
massive  blue-grey  limestone  of  Krol  type. 

But  besides  these  local  associations,  there  is  another  important  one,  tnz,,  the 

association  with  the  nnmrnnlitic  shales  and  limestone. 
^^Relationt  with  eocene      r^^  ^^^  y^^  ^^^  ^^^  ^^^^^  np  to  date  aa  far  east  as 

the  Bodli-ka-sot,  a  tributary  of  the  Palain  river,  where  they 
lie,  much  folded,  on  the  purple  slates,  and  at  several  intermediate  places  between 
there  and  the  Banis  ridge.  In  consequence  of  the  massive  limestone  eeries  having 
vanished  at  Aldabou,  the  formerly  subjacent  fossiliferous  beds  have,  in  a  westerly 
direction,  their  surfaces  at  liberty  for  still  higher  beds  to  occupy.  Hence  they 
become  in  this  direction  covered  partially  or  wholly  by  the  nummalitic  clay^ 
shales.  Both  series  have  indeed  become  in  many  places  almost  inextricably  con- 
fused ;  for,  starting  probably  with  an  uneven  bottom  for  the  tranquil  deposits  of 
the  nummulitic  sea,  they  have  since  been  crushed  together,  causing  the  one  to  be 
displaced  bodily,  and  the  other  to  give  by  imperceptible  folding  and  squeezing ; 
whilst  subsequent  to  all  this,  denudation  has  acted  with  a  similar  partiality,  and 
land-slips  have  completed  the  ruin.  For  this  reason  it  will  be  better  to  consider 
the  two  together  in  what  I  have  further  to  say  about  them. 

In  the  Kotedwar  glen  due  north-north-west  of  Aldabou  the  main  boundary 
fault  of  the  usual  reversed  type  cuts  into  the  strata.  North  of  it  after  some 
crush-rock  and  purple  beds  come  the  quartzites  and  calcareous  beds  vertical,  and 
running  as  a  minor  ridge  up  to  Umrela,  beyond  which  in  a  gap  in  the  ridge 
south-south-east  from  Gharekh  they  dip  at  a  rather  low  angle  to  the  north-north- 
east, forming  part  of  a  synclinal  curve,  which  again  brings  them  to  the  surface 
with  an  opposite  dip  higher  up  on  the  ridge  about  I  mile  from  Gharekh  summit. 
Below  in  the  stream  west  of  the  ridge  their  continuous  outcrop  can  be  seen. 
Towards  the  Kotedwar  glen  the  northern  outcrop  of  this  trough  of  the  fossilifer- 
ous beds  becomes  lost,  re-appearing  again  in  the  Kotedwar  stream  as  a  thin  bed 
dipping  south  at  the  point  where  the  Mdhdra  and  Kotedwar  streams  join.  In 
this  irregular  broken-edged  trough  the  nummulitic  beds  lie  folded  in  a  steep 
synclinal.  They  are  very  well  exposed  in  the  main  stream,  the  Nummulitic 
limestone  striking  west-north-west  along  the  mile  reach  between  the  points  where 
the  Umrela  and  Mdhira  streams  flow  into  it.  It  is  however  impossible  to  realise 
this  on  the  map,  owing  to  this  reach  being  erroneously  drawn  north-east  and 
south-west. 

The  next  point  where  these  beds  are  seen  is  in  the  Sour  glen,  due  west  of 
Gaira  and  up  the  slope  of  the  ridge  noiih  of  Simalna.  The  trough  has  here  lost 
its  regularity,  the  calcareous  beds  and  quartzites  dip  at  65^  south-south-west  in 
the  Sour  stream,  climb  the  side-ridge  towards  Narai,  and  appearing  here  and 
there  on  the  main  ridge  south  of  this  return  down  the  Simalna  side-ridg^.  In  the 
intervening  side  stream  north  of  Simalna,  and  as  pockets  and  films  here  and  there 
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on  the  adjacent  slopes,  are  placed  the  nummnlitic  clays  and  clayey  shales.  The 
main  boundary  fault  ia  immediately  south  of  Simalna.  On  the  main  ridge  due 
north-north-west  from  Simalna  a  small  peak  displays  a  good  section  of  the  quart- 
zites  aboye  and  the  calcareous  beds  below  :  dip  north-north-west  40^. 

In  the  bay  between  this  peak  and  Sh&lni  there  is  a  great  film  of  nummulitic 
beds  which  a  surface  land-slip  distinctly  revealed  dipping  down  hill  steeply.  On 
getting  out  of  this  bay  on  to  the  Sh^lni  ridge  all  the  nummulitics  were  left  be- 
hind except  some  few  beds  around  the  village  itself. 

On  visiting  the  ridge  north-west  of  Banas-talla,  in  order  to  join  my  work  with 

Coincidence  of  fowilS-  ^^-  Oldham's,  I  found,  as  I  expected,  that  the  Tal  lime- 
ferons  bed  with  MandliA-  stone  series,  classified  by  him  as  Mandhalis,^  are  the 
lis  of  BanAs  ndge.  identical  calcareous  and  sometimes  conglomeratic   grits 

and  qoartsites  from  which  I  have  obtained  recognisable  fossils. 

It  is  interesting  to  note  in  passing  that  so  entirely  have  the  nunmiulitics  in 
this  easterly  direction  retained  their  Sab^thu  character  that  the  pisolitic  iron-ore 
of  the  bottom  bed  besides  being  present  near  Syair  is  vouched  for  in  the  Sour  and 
Kotedwar  glens  by  loose  fragments  with  grains  somewhat  larger  than  a  pea. 

I  do  not  propose  to  do  more  here  than  put  these  few  facts  on  record.  Though 
the  somewhat  extraordinary  positions  of  the  eocene  beds  offer  scope  for  theorising 
and  certainly  must  have  important  bearings  in  elucidating  the  mode  of  building 
of  the  Himalaya,  I  think  it  better  to  await  further  information  in  the  same 
direction. 


Note  on  the  probable  age  of  the  Mandhdli  series  in  the  Lower  Himalaya,  by 

B.  D.  Oldham,  A.R.S.M.,  Geological  Survey  of  India. 

That  the  discovery  of  recognisable  fossils  in  Himalayan  beds,  recorded  above 
by  my  colleage  Mr.  G.  S.  Middlemiss,^  will  be  of  great  value  in  establish- 
ing the  age  of  at  least  one  member  of  the  Himalayan  sequence,  and  in  giving  us 
a  horizon  to  work  from,  cannot  be  doubted.  But  as  in  the  meanwhile  the 
acceptance  as  final  of  my  ascription  of  the  T&l  beds  to  the  Mandhdli  series 
might  lead  to  misapprehension  and  confusion  which  would  take  long  to  pass  away, 
I  should  wish  to  put  the  following  explanation  on  record. 

My  identification  of  the  T&l  beds  with  the  Mandh&li  series  rested  entirely  on 
the  discovery  among  the  former  of  a  bed  of  limestone  conglomerate  cemented  by 
a  limestone  matrix,  very  similar  to  the  one  of  most  important  members  of  the 
series  as  exposed  at  Mandhali  in  Jauns&r  B&war. 

But  the  really  characteristic  feature  of  the  Mandh&li  series  is  the  occurrence 
of  beds  composed  of  a  fine-grained  matrix  through  which  fragments,  generally 
angular  or  subangular,  of  rock  are  scattered,  the  whole  suggesting  that  the  agency 
of  floating  ice  was  concerned  in  its  formation. 

No  bed  of  this  type  was  seen  by  me  among  the  T&l  beds,  nor  does  my  colleague 
mention  the  occurrence  of  any  such  bed  in  the  area  examined  by  him ;  and  as  the 

X  iSffpra,  XVII,  p.  161.    See  also  the  paper  following  the  present  one. 


^S  Records  of  the  Oeologieal  Survey  of  India.         [vol.  iviit. 

•         « 

age  he  assigns  to  the  T&l  beds  differs  from  that  which  on  independent  grounds 
I  am  inclined  to  ascribe  to  the  Man(ih&li  series,  it  will  not  be  safe  to  accept  the 
two  as  equivalent. 

As  mentioned  above,  the  general  appearance  of  the  charaoteristio  meniber  of 
he  Mandhfili  series  iand  of  the  very  similar  Blaini  conglomerate  is  that  of  an 
indurated  botdder  clay.  In  the  latter  case  the  resemblance  has  been  noticed  by 
other  observers,  and  during  the  last  working  season  a  pebble  was  extracted  from 
the  Blaini  conglomerate  which  showed  very  distinct  striation  similar  to  that 
generally  attributed  to  glsM^ial  action.  Though  this  corroborative  evidence  has 
not  yet  been  obtained  in  the  case  of  the  Mandh&li  conglomerate,  it  very  probably 
is  also  of  glacial  origin. 

I  have  elsewhere  expressed  an  opinion  that  these  old  glacial  boulder  clays  are 
of  great  value  in  determining  the  homotaxy  of  the  beds  among  which  they  occur, 
and  that  they  are  at  present  the  only  means  by  which  it  can  be  determined  .with 
anything  like  absolute  accuracy.  But  whether  or  no  this  opinion  will  bear  the 
test  of  subsequent  examination,  there  can  be  no  doubt  that  between  neighbouring 
areas  the  method  is  perfectly  valid,  and  we  may  take  it  as  practically  certain  that 
when  the  glacial  boulder  clays  of  Talchir  age  were  being  deposited  in  what  is 
now  the  peninsula  of  India,  glacial  conditions  must  have  obtained  over  what  are 
now  the  Himalayas. 

In  the  beds  of  the  Himalayan  sequence  there  are  three  distinct  horizons  at 
which  similar  beds  are  found,  viz.,  (1)  the  Mandb&li,  (2)  the  Blaini,  and  (3)  the 
Panjill  conglomeratic  slates.  Of  these,  the  two  last  named  are  so  low  in  the 
series  that  their  contemporaneity  with  the  Talchirs  is  practically  out  of  the 
question ;  there  remains  only  the  Mandh&li  conglomerate  which  we  may  there, 
fore  take  as  most  probably  the  equivalent  of  the  Talchir  beds  of  India. 

But  the  Talchirs  are  at  the  latest  of  triassic  at  the  earliest  of  carboniferous 
and  probably  of  permian  age  as  judged  by  European  standards ;  and  we  must 
for  the  present  refrain  from  finally  identifyng  beds  which  are  very  probably  of 
the  same  age  with  other  beds  containing  such  a  characteristically  mesozoic 
fauna  as  is  described  by  Mr.  Middlemiss. 


Note  on  a  second  species  of  Siwalik  Camel  (Gamelus  antiquus^  nobis  {ex  Falc.  and 

Caut.  M.  S.),  by  B.  Ltdekker,  B.A.,  F.G.S.,  &o. 

In  their  original  notice  of  Oameltis  sivalensts,  Falconer  and  Cautley^  said 
they  had  evidence  of  a  second  and  smaller  species  of  the  genus  f  ropi  the  Siwaliks 
which  they  proposed  to  call  C  antiquus ;  but  in  the  subsequently  published  plates 
(Nos.  LXXXYI  to  XC^  of  the  "  Fauna  Antiqua  Sivalensis  "  all  the  remains  are 
figured  under  the  former  name.  A  recent  examination  of  the  specimens  in  the 
British  Museum  has  convinced  me  that  the  original  view  is  in  all  probability 
correct. 

Gamelus  sivalensis  is  a  large  species  characterized  by  the  rugose  enamel  of 
the  teeth,  the  flatness   of  the  inner  walls   of  the  lower  true  molars,  and  the 

'  Vide  *  Falconer's  Polieontological  Memoirs/  Vol.  I,  p.  231. 
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loDg,  slender,  horizontal  ramus  of  the  mandible.  The  second  species,  for  wLich 
I  propose  to  revive  the  M.  S.  name  of  0.  arUiquuSf  is  of  smaller  size,  has  a  short, 
deep  mandible,  perfectly  smooth  enamel  to  the  teeth,  while  the  inner  surface 
of  the  lower  true  molars  is  concave,  and  in  its  upper  half  is  divided  into  two 
equal  portions  by  a  median  vertical  ridge,  totally  wanting  in  0.  swalensis,^ 
and  the  existing  camels.  The  specimens  in  the  British  Museum  which  can  be 
referred  to  the  new  species  are  a  maxilla.  No.  15347 ;  a  young  cranium. 
No.  40562  ("  W.  A.  S.,"  pi.  LXXXVI,  fig.  2)  ;  part  of  a  mandible,  No.  16165 
(^*  F.  A.  S.,"  pi.  LXXXVII,  fig.  5)  ;  another  fragment  of  the  mandible,  No. 
40568;  and  the  greater  part  of  a  right  ramus,  No.  39599,  with  the  teeth 
broken.  At  least  one  fragment  of  a  mandible  in  the  Indian  Museum  belongs  to 
the  same  species. 

I  may  also  observe  that  both  species  of  Siwalik  camels  are  characterized  by 
having  the  vertical  ridge  at  the  antero*external  angle  of  the  lower  true  molars 
which  occurs  in  Atuihenia  but  is  absent  in  the  existing  camels.  Both  fossil  species 
have  the  adnlt  dentition  numerically  the  same  as  in  the  existing  ones ;  but  at 
least  one  of  them  is  distinguished  by  having  the  full  complement  of  milk-molars 
in  both  jaws,  viz.,  M.  M.  -f.  The  cervical  vertebras  of  the  larger  Siwalik  camel  are 
in  some  respects  intermediate  between  those  of  the  living  camels  and  Auchenia, 
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PART    I. 
B8CRIPTI0N   OF  A   POBTION  OP  THB   CHAMBA  ABBA   PBBVIOUSLT   UNDBSCBIBBI). 

I^m  detailing  some  observations  in  the  field  made  during  the  antamns  of  1883 
198-^  I  think  the  most  convenient  plan  will  be  to  note  them  in  the  order  of  the 
pl^L*:^^^  visited. 

proceeded  in  a  northerly  direction  from  Dalhonsie  to  Bhale  (Balai)  and 
:jir  (Manjere),  and  thence  to  Bh&ndal  (Baundal).     This  section  has  already 
described  in  a  previous  paper,  and  only  a  few  additional  observations  will 
*^^^^"  be  made. 

•  ^  In  the  *  Ffilssontologia  Indica/  ser.  X,  Vol.   I,  p.  61  (48),  I   gnve  these  points  as   being 

y^fccteristic  of  the  molars  of  C.  aivahnsig,  not  being  then  able  to  notice  the  cUffercuce  from 
kl  tpecimons  in  those  I  had  before  me. 


M. 
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There  is  a  superfioial  appearance  of  bedding  in  the  outcrop  of  the  "  oater 
band ''  of  gneissose  granite,  but  I  think  it  is  only  due  to  irregular  jointing.  The 
joints  that  run  in  the  direction  of  pseudo-foliation  are  not  continuous,  but  die  out 
or  run  into  each  other. 

Along  the  southern  margin  of  the  inner  band  of  gneissoae-granite  the  slates 
in  contact  with  it  are  indurated,  and  I  noted  a  small  vein  of  granite  intmsiye  in 
the  slates  near  the  swing  bridge  (''  jhula  '*)  under  Bhale. 

On  the  northern  margin  of  this  outcrop  of  the  gneissose  granite,  I  observed 
some  mica  schists  next  the  granite,  but  an  examination  of  thin  slices  under  the 
microscope  has  satisfied  me  that  they  belong  to  the  margin  of  the  granite  itself. 
I  can  discover  no  essential  difEerence,  save  in  macroscopic  aapect,  between  these 
schists  and  the  gneissose  granite.  There  is  nothing  surprising  in  the  fact  that 
the  margin  of  the  intruded  sheet  in  contact  with  the  slates  should  have  assumed 
a  specially  schistose  aspect. 

In  a  previous  paper  I  described  the  narrow  outcrop  of  the  gneissose  granite 
below  Bhale.  I  have  now  examined  several  slices  made  from  specimens  taken 
from  the  sides,  middle,  and  ijitermediate  parts  of  the  sheet,  and  the  result  is  to 
confirm  me  in  my  belief  in  its  eruptiye  character.  No  points  of  difference  exist 
between  it  and  the  Dalhousie  granite,  and  it  reminds  me  in  particular  of  slice 
No.  15,  described  at  page  132  of  my  paper  in  ^ol.  XYI  of  the  Records.  These 
specimens  exhibit  beautiful  illustrations  of  the  sort  of  fluxion  structure  detailed 
in  my  description  of  the  Dalhousie  specimens.  The  flowing  lines  of  crypto-crys- 
talline  mica  and  of  microlites  do  not  at  all  suggest  to  my  mind  the  appearance 
presented  by  foliated  metamorphic  rocks. 

The  orthoclase  is  much  ci'acked  and  crushed ;  and  the  muscovite,  which  is  in 
large  crystals,  is  oriented  in  all  directions,  and  appears  to  have  been'  abundantly 
crumpled  and  compressed. 

The  minerals  contained  in  the  rock  are  the  same  as  those  in  the  Dalhousie 
specimens,  though  the  microcline  is  sparse. 

There  are  liquid  cayities,  with  movable  bubbles  in  the  quartz,  but  they  are 
much  more  abundant  in  the  garnets,  which  probably  crystallized  at  an  earlier 
epoch,  before  the  last  phase  of  intrusion  commenced.  Inclusions  have  deposited 
mineral  matter  on  cooling,  and  gas  pores  are  associated  with  granular  mineral 
matter. 

The  slates  between  the  inner  and  outer  bands  of  gneissose  granite,  in  this 
section,  are  yery  micaceous,  and  at  Bhale  they  are  decided  mica  schists. 

Between  the  northern  boundary  of  the  inner  band  of  gneissose  granite  and 
Manjir,  the  succession  appears  to  be  as  follows — ^micaceous  slates ;  mica  schists  ; 
slates ;  micaceous  slates  ;  slates  ;  micaceous  slates ;  slates. 

I  think  in  this  section  the  Simla  slates  are  folded  up  with  older  silurian  beds 
in  compressed  isoclinal  flexures.  The  decided  mica  schists  are  probably  beds 
near  the  bottom  of  the  series. 

Just  before  the  descent  to  the  river  Siul  commences  in  the  neighbourhood  of 
Balori,  I  obseryed  river  conglomerate  at  an  eleyation  of  3,320  feet  above  the 
sea^  being  over  800  feet,  by  my  aneroid  barometer,  above  the  Siul.  In  the 
neighbourhood  of  Bil&spur,  the  capital  of  a  Natiye  State,  south-west  of  SiDila> 


PART  2J       McMahon  :  further  notes  on  tie  Geology  of  Charaba.  81 

I  found  river  ooziglomerate  ^  on  an  isolated  hill,  round  which  the  Satlej  flows, 
980  feet  above  that  riyer,  and  in  my  *'  Notes  of  a  tonr  through  Hangrang  and 
Spitt "  '  I  mentioned  the  occurrence  of  river  boulders  at  the  top  of  the  Ghandan 
N£ino  pass  at  an  elevation  of  12,340  feet  above  the  sea,  and  about  2,400  feet 
above  the  present  bed  of  the  Spiti  river.  The  explanation  I  offered,  in  the 
latter  case,  was  that  the  Spiti  river  was  formerly  as  high  as  the  top  of  the 
Ghandan  N&mo  pass,  but  I  now  see  that  this  explanation  was  incorrect.  Whilst 
the  Himalayan  rivers  were  slowly  deepening  their  channels  and  excavating  the 
valleys  through  which  they  flow,  the  mountains  themselves,  there  is  reason  to 
believe,  were  slowly  rising  at  a  rate  probably  equal  to  that  of  sub-aerial  erosion. 
In  the  case  of  the  river  Siul,  therefore,  though  it  has  undoubtedly  cut  its  way 
through  800  feet  of  solid  rock,  there  is  no  necessity  for  assuming  that  the  river 
ever  actually  flowed  at  the  elevation  at  which  the  boulder  bed  now  rests. 

I  always  thought  that  the  elevation  theory  was  necessary  to  explain  the  pre- 
sent position  of  the  Satlej  boulder  beds  in  the  neighbourhood  of  Bil&spur,  but  I 
now  see  that  it  is  applicable  to  boulder  beds  generally  throughout  the  Himalayas. 
The  fact  that  the  Himalayas  have  been  slowly  rising  '  whilst  the  rivers  have 
been. deepening  their  channels,  explains,  I  think,  why  the  Himalayan  valleys 
are  generally  so  steep  and  V-shaped. 

The  cause  of  the  rising  of  the  Himalayan  area,  which  is  probably  still  slowly 
going  on,  is  discussed  at  length  in  the  Bevd.  O.  Fisher's  Physics  of  the  Earth's 
Crust. 

Whether,  however,  the  elevation  of  the  Himalayas  in  most  recent  geological 
times  is  due  chiefly  to  the  flotation  tendency  assigned  by  Mr.  Fisher,  or  to  tan- 
gential pressure  acting  on  an  area  losing  weight  from  sub-aerial  erosion,  is  a 
subject  foreign  to  the  scope  of  this  paper.  I  am  only  concerned  with  the  fact  of 
elevation. 

Geological  observations  to  support  the  view  that  the  Himalayas  have  risen  in 

recent  geological  times,  are  not  wanting ;  for  instance,  the  "  remains  of  Bhinoeeros 

and  oilier  large  mammals  occur  at  an  elevation  of  15,000  feet  in  Tibet,  and  it  is 

not  probable  that  these  animals  lived  in  so  elevated  a  region  **  (Manual  of  the 

Oeology  of  India,  p.  586). 

From  Bh^ndal  I  followed  the  Siul  river  as  far  as  Sangni,  and  then  turned 
up  the  valley  leading  to  the  high  ridge  between  the  Talai  and  Paterun  ^  trigono- 
metrical stations. 

The  valley  is  at  first  narrow,  and  the  scenery  all  the  way  up  it  is  extremely 
pretty.  The  foot-path  runs  for  some  distance  along  the  banks  of  a  roaring 
torrent  through  woods  of  hazel  and  horse  chestnut ;  and  then,  mounting  higher, 
passes  along  sloping  pasture  lands  ;  and  finally  plunges  into  the  dark  shade  of  a 

'  The  top  conglomerate  contRined  Satlej  stones  only,  such  as  white  qnartz  schist  from  Bum* 
Var,  gneissose  granite,  porple  and  red  qanrbzite  from  the  upper  Satlej  or  Spiti,  and  bhick  basaltic- 
looking.  ti»p. 

*  Beoords,  XII,  p.  66. 

*  Phjsics  of  the  Earth's  Crust,  p.  81. 

*  Not  marked  on  the  map  which  accompanies  this  paper.     Fateruu  is  the  peak  between  Tala 
*xA  Danxat  stations. 
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pine  forest,  in  whioli  the  holly  oak,  stnnted  and  weather  beaten,  seems  to  have  a 
hard  straggle  for  existence.  Higher  np,  the  forests  cease,  and  a  dwarf  rhodo- 
dendron is  the  only  tree  that  hears  the  cold  of  that  high  elevation,  though  many 
flowers  brighten  the  grassy  slopes. 

Among  them  a  wild  poppy  of  delicate  purple  blae  merging  into  white  is  not 
the  least  beautiful ;  whilst  a  yellow  flower,  greatly  resembling  the  English  butter- 
cup, reminds  one  of  the  home  so  far  away.  I  have  not  observed  the  poppy  at  a 
lower  elevation  than  about  11,000  feet. 

Wild  rhuburb  abounds  at  the  head  of  this  valley.  An  officer  of  Artilleryy  on 
a  shooting  tour,  whom  I  found  encamped  at  Qhamkol,^  told  me  that  he  used  the 
rhuburb  almost  daily  for  tarts  and  found  it  good  and  wholesome.  My  friend, 
however,  seemed  somewhat  bold  in  his  gastronomical  experiments,  for  I  f oand 
that  he  was  in  the  habit  of  putting  many  species  of  tree  fungi  under  contribution 
for  the  table.  The  natives  of  these  parts  told  him  that  all  the  fungi  that  grow 
on  oak  are  wholesome,  but  that  those  that  grow  on  pine  trees  are  to  be  avoided. 
He  induced  me  to  try  a  slice  of  a  huge  yellow  oak  fungus.  It  had  a  faint  sus- 
picion of  mushroom  flavour  in  it,  and  wa>s  not  unpalatable.  On  opening  my  eyes 
next  morning  I  was  thankful  to  find  myself  still  in  the  land  of  the  living. 

After  leaving  Sangni  the  silurian  conglomerate  continued  up  to  where  the 
second  affluent  joins  the  main  stream  from  the  north-ea*st.  I  saw  numerous  out- 
crops in  situ  as  well  as  blocks  of  it.  The  dip  was  north-east,  nearly  vertical,  with 
an  occasional  reverse  dip.     Subsequently  the  dip  became  more  moderate. 

As  in  other  sections  described,  the  conglomerate  is  not  uniformly  conglomeri- 
tic,  but  includes  slaty  bands.  The  conglomerate  is  succeeded  by  dark  slates, 
some  of  which  have  a  dark  streak,  and  doubtless  belong  to  the  infra-Krol  series. 

Higher  up  the  valley  the  dip  became  south-west  and  south-south-west,  but 
finally  reverted  to  north-east.  On  my  way  I  came  upon  boulders  of  conglomerate, 
and  near  my  encampment,  at  a  place  called  Ohamkol,  at  the  head  of  the  valley 
(elevation  10,630  feet),  and  near  the  boundary  of  the  trap,  there  are  some  thin 
beds  of  pale  blue  limestone.  Above  these  beds,  and  between  them  and  the  trap, 
I  came  on  conglomerate  in  situ. 

At  the  very  head  of  the  Sangni  valley,  a  long  spur  will  be  observed,  on  the 
map,  running  down  from  the  water  parting  of  the  Bhadarwdr  (Badrawir)  and 
Chamba  territories,  and  dividing  the  head  waters  of  the  valley  into  two  streamis 
of  about  equal  size.  The  trap  comes  in  where  this  spur  joins  the  main  ridge,  or 
water  parting ;  it  dominates  the  crest  of  the  ridge  for  some  distance  and  then 
strikes  down  in  a  broad  band  and  joins  the  outcrop  described  in  a  previous  paper 
between  Tiloga  and  Dihur  (Duire). 

All  along  the  north-eastern  boundary  of  the  trap  down  to  Dihur  the  silurian 
conglomerate  is  in  contact  with  the  trap.  The  Paterun  station  '  peak  (elevation 
12,260  feet  by  my  barometer)  is  on  the  conglomerate.     The  trap  just  skirts  the 

'  Not  marked  on  the  map.  It  is  jast  under  the  crest  of  the  ridge  dividing  Bhadawir  from 
Chamha  close  to  the  outcrop  of  the  trap. 

*  This  is  not  marked  on  the  map  that  accompanies  this  paper.  It  is  the  peak  south-west  of 
the  Dunrat  station  at  the  point  where  the  ridge  strikes  in  a  north-westerly  direction  to  the  Talai 
station. 
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edge  of  the  ridge  and  keeps  on  the  south-west  side  of  its  crest  until  the  spurs 
ranning  up  from  Bhdndal  meet  the  main  ridge  and  culminate  in  a  peak  11,755 
feet  high,  where  the  trap  rises  to  the  crest  of  the  ridge  and  forms  the  rock  along 
its  summit  for  some  miles. 

The  trap  along  this  ridge  is  very  much  jointed,  the  principal  joints  being 
transTerse  to  the  strike ;  and  it  affords  instructive  illustrations  of  the  power  of 
frost  in  combination  with  jointing  to  break  up  rocks.  The  very  crest  of  the 
narrow  ridge,  which  runs  at  a  tolerably  uniform  elevation  for  some  distance,  is 
formed  of  a  mass  of  sharp  angular  blocks  of  trap  piled  up  one  upon  another,  four, 
or  five,  or  more  deep,  in  the  manner  of  a  moraine,  with  deep  holes  gaping  between 
them.  A  sharp  shock  of  an  earthquake,  on  my  return  to  my  tents,  supplied  a 
hint  that  seismic  disturbances  ought  not,  perhaps,  to  be  altogether  left  out  of 
view  in  accounting  for  the  piling  up  of  large  blocks  of  rocks  one  upon  another  in 
the  manner  described. 

The  route  I  followed  took  me  along  the  south-west  boundary  of  the  trap  from 
the  head  of  the  Sangni  valley  as  far  as  the  spur  running  down  to  Digi. 

It  is  a  fine  country,  but  as  my  tents  were  often  pitched  at  an  elevation  of 
more  than  10,000  feet  above  the  sea,  I  found  it  cold  at  night,  and  two  days  after 
I  descended  to  a  lower  level,  my  late  camping  grounds  were  white  with  snow. 

The  ridge  at  the  head  of  the  Sangni  valley  commands  a  fine  view  of  a  range 
of  snowy  peaks  rising  to  over  21,000  feet  in  height,  whilst  my  camp  was  usually 
pitched  on  grassy  slopes,  abounding  in  flowers,  just  above  the  limits  of  the  dark 
pine  forests  that  clothe  the  mountain  sides  lower  down. 

Bears,  red  and  black,  and  Bara  Singha  {Oerwu  cashmirianus)  allied  to  the 
red  stag  of  Europe,  and  Tahr  {Hemitragus  jemlaiGus)  are  pretty  numerous,  and  I 
often  saw  their  recent  foot-prints,  but  not  the  animals  themselves.  During  the 
summer  months  these  grassy  slopes  support  large  herds  of  buffalos  and  sheep 
which  are  driven  down  into  the  plains  of  the  Punjab  when  the  cold  season  begins 
to  set  in.  Sportsmen  have  a  poor  chance  of  a  bag  until  these  herds  have 
departed. 

Along  the  south-west  boundary  of  the  trap  the  rock  in  contact  with  it  appears 
to  be  the  silurian  conglomerate.  No  reliance  is  to  be  placed  on  blocks  as  they 
might  be  derived  from  the  outcrop  on  the  other  side  of  the  trap,  but  I  believe  I 
saw  the  conglomerate  in  situ  in  two  instances.  The  dip  is  usually  north-east,  but 
occasionally  changes  to  the  west. 

The  trap  along  the  outcrop,  described  in  the  preceding  pag^s,  here  and  there 
passes  into  a  porphyritic  variety.  It  is  a  hard,  dense,  compact  rock,  ranging 
from  a  dark  purple-grey  to  a  dark  greenish-grey  colour.  Numerous  crystals  of 
felspar  are  porphyritically  imbedded  in  the  dark  base.  Further  remarks  regard- 
ing the  microscopic  character  of  the  trap  will  be  found  in  Part  II. 

My  return  route  to  the  Siul  was  along  the  spur  which  runs  down  from  the 

main  ridge  to  Digi. 

The  slates  dipped  from  north-east-by-north  to  north-north-east,  very  high,  and 
with  an  occasional  reverse  dip.  They  were  of  silurian  type  and  not  visibly  con- 
glomeritic,  but  as  the  outcrops  were   mostly  the  up-turned  edges  of  the  strata, 
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opportunities  of  judging  of  their  conglomeritic  character  were  bad,  for  the  pebbles 
are  seen  for  the  most  part  when  the  splitting  surfaces  of  the  rock  are  exposed. 

About  600  or  700  feet  above  Digi  I  came  upon  a  narrow  calcareous  band, 
the  beds  being  earthy  to  slaty. 

I  have  now  made  three  traverses  west  of  the  outcrop  of  the  carbo-taiafisic 
series  seen  typically  below  Dihur,  viz,^  up  the  8angni  valley,  down  the  Digi 
spur,  and  from  Himgiii  to  Digi ;  and  in  none  of  them  did  I  oome  across  any 
thing  like  the  carbo-triassic  limestones.  The  calcareous  band  above  Digi,  and 
the  thin  bed  of  limestone  near  Ghamkol,  probably  belong  to  the  Blaini  or  to 
the  infra- Krol  horizon. 

The  carbo-triassic  limestones  extend  very  little  to  the  west  of  Duta.  Infa- 
Krol  slates  and  the  black  crush  rock  are  seen  at  and  near  the  bridge  over  the 
Siul  below  Kotta.  A  thin  band  of  these  rocks  may  extend  up  the  river  as  t^r 
as  Pal,  and  some  of  them  are  doubtless  implicated  in  the  isoclinal  folds  between 
the  outcrop  of  the  trap  and  Bhandal,  but  the  carbo-triassic  limestones  west  of 
Duta  have  either  been  squeezed  out  in  the  plications  in  which  the  silurian  series 
have  been  involved,  or  the  area  of  deposition  terminated  at  Duta. 

Another  point  brought  out  by  the  field  observations  detailed  above,  is  that  the 
outcrop  of  the  conglomerate  on  the  south  of  the  trap  is  as  broad  as  that  already 
mapped  on  the  north  of  it.  South  of  Manjir  some  of  the  streams  running  down 
from  the  north-west  into  the  Siul  contain  blocks  of  conglomerate,  showing  that 
this  formation  is  wide  enough,  south  of  Dihur,  to  overtop  the  crest  of  the  ridge 
between  Ain  and  Gutaun. 

From  Manjir  I  crossed  the  Siul  and  proceeded  along  the  spur  which  cul- 
minates in  the  Dwaut  trigonometrial  station,  and  then  made  for  the  head  of 
the  valley  under  the  Rundhar  station. 

Simla  slates  dominate  along  the  crest  of  the  ridge,  but  the  conglomerates 
come  in  about  half  way  down  the  north-eastern  side  of  the  ridge  above  the  village 
of  Mahdeb  ^  (not  marked  on  the  map) .  The  bed  of  the  stream  contains  numerous 
boulders  of  typical  conglomerate.  The  dip  varied  from  south-south-west  to  a 
little  east  of  north-east  along  the  ridge,  but  in  the  valley  under  Bundhar  from 
east-north-east  to  north-east-by-east. 

The  trap  crops  out  under  the  village  of  Bh5lu  (not  marked  on  the  map),  and 
is  here  about  100  yards  wide.  It  is  succeeded  by  the  carbo-triassio  series 
which  is  here  in  great  force  and  very  typically  developed.  The  rocks  in 
immediate  contact  with  the  trap  are  very  micaceous  carbonaceous  slates ;  then 
follow  dark-blue  unaltered  limestones ;  these  are  succeeded  by  very  micaceous 
ates ;  thin  bedded  unaltered  limestones  occur  next  and  then  micaceous  slates 
olio  wed  by  limestones. 

These  mica  slates  deserve,  I  think,  some  notice.  Their  micaceous  character 
is  clearly  not  due  to  contact  metamorphism,'  for  those  at  a  distance  from  the 
trap,  and  interealated  between  unaltered  dark-blue  carbonaceous  limestones,  are 

>  A  local  corruption  donbtlesa  of  Mih^eo. 

^  The  trap  according  to  my  view  Is  nn  ancient  lava  and  older  tban  the  carbo-triatiic  series,  so 
thnt  beds  of  the  latter  cannot  possibly  bnve  been  metamorphosed  by  the  trap. 
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as  micaceous  as  those  in  contact  with  the  trap.  These  micaceous  slates — arnica 
schists  they  might  well  be  called — ^suggest,  I  think,  the  conclusion,  that  the  meta- 
morphism  of  the  type  which  consists  in  the  formation  of  hydro-micas — or  micas 
of  the  species  usually  developed  in  slaty  rocks — ^may  be  brought  about  by  aqueous 
or  hydro-thermal  agencies,  accompanied  by  a  very  moderate  amount  of  heat.  Here 
we  haTe  highly  micaceous  slates  intercalated  with  dark  carbonaceous  limestones 
that  give  no  trace  of  having  been  subjected  to  heat. 

The  outcrop  of  the  trap  in  this  region  runs  with  the  southern  boundary  of 
the  carbo-triassic  series.  In  the  north-westerly  direction  the  trap  evidently 
extends  beyond  Bailaum  to  near  Sanaira,  for  the  stream  that  flows  under  that 
village  into  the  Siul  contains  boulders  of  it.  No  outcrop  of  it  is  to  be  seen  on 
the  Ealel  road  or  between  Manjir  and  Dihur. 

In  its  south-easterly  extension,  the  trap  runs  past  Chanena  (not  marked  on 
the  map)  ;  and  crossing  the  ridge  west  of  Hulh  (Hul),  makes  for  Kail  and  Dila. 
It  tops  the  ridge  east  of  Hulh  above  the  village  of  Dhar,  and  then  striking 
for  Amraili  crosses  the  Sao  valley  about  three-quarters  of  a  mile  north  of  Sao. 
The  outcrop  is  here  about  200  to  250  yards  wide. 

The  carbo-triassic  series  continues  in  contact  with  the  trap  across  the  Hulh 
and  Sao  valleys.  In  ascending  the  latter  valley  the  last  of  the  series  seen 
appears  to  be  a  massive  grrey  quartzite.     The  dip  is  north-east-by-north. 

The  carbo-triassic  series  is  succeeded  by  a  very  fine-grained  massive  silici- 
ous  rock  of  grey  colour  that  gradually  passes  into  massive  slates.  Some  of  the 
former  weather  brown  and  some  greenish,  and  they  have  superficially  a  trappean 
aspect ;  they  are  also  extremely  tough  and  hard  to  break. 

I  explored  the  Sao  valley  for  some  distance  beyond  Lolaya  in  the  direction 
of  the  glaciers  at  its  head  and  then  returned  to  Sao.  The  next  day  I  proceeded 
up  one  of  the  side  valleys  in  order  to  cross  the  high  range  that  divides  it  from 
the  Chanju  valley.  The  first  march  took  me  to  Sarrah  (elevation  7,140  feet), 
a  vUlage  not  marked  on  the  map.  Dip  perpendicular.  The  next  day's  march 
was  rather  a  severe  one,  but  fortunately  I  engaged  ten  extra  coolies  for  my 
things;  had  I  not  done  so  I  should  not  have  seen  any  of  them  by  nightfall. 
First  we  had  a  stiff  ascent  to  the  summit  (11,525  feet  above  the  sea),  and  then 
a  walk  for  some  miles  along  the  ridge.  No  suitable  place  for  an  encampment 
presented  itself,  as  the  nearest  water  was  about  700  or  800  feet  below  us,  and 
firewood  was  almost  as  distant.  We  pushed  on  down  a  precipitous  descent  for 
some  G-ujar  huts  about  3,000  feet  below,  which  we  reached  about  5  in  the 
afternoon*  The  spot  was  indeed  a  lovely  one^a  grassy  glade  in  a  pine  forest 
with  the  peaks  and  glaciers  of  Kailu  and  Elalka^ell  in  view  ;  but  alas  the  G-ujars 
with  their  herds  had  left  the  spot,  the  streams  had  dried  up,  and  no  drinking 
water  was  to  be  had  within  a  radius  of  1^  miles.  There  was  nothing  for  it  but 
to  push  on  for  the  nearest  village,  Sundri  (Sunder),  3  miles  further  down 
the  mountain,  which  I  reached  at  dusk  after  walking  for  11  hours,  climbing 
4,385  andjdescending  4,525  feet. 

The  first  thing  to  be  done  was  to  send  back  men  with  torches  for  the  coolieS| 
who  finally  arrived  without  serious  accident,  my  crockery  only  coming  to  grief  by 
the  way. 
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The  marcbi  though  long,  was  a  delightful  one.  From  the  crest  of  the  ridge, 
the  Kailu  (18,639  feet  in  elevation)  and  its  twin  peak  Kalka  with  the  glacier 
between  them,  8  miles  distant,  as  the  crow  flies,  formed  a  beautiful  subject 
for  a  picture.  A  snow-storm  was  going  on  in  the  back  ground ;  the  warm  sun 
gilded  the  rich  red  and  brown  autumnal  tints  of  the  foreground ;  whilst  checkered 
and  ever  chang^g  lighfcs  and  shadows  were  playing  over  the  forests  and 
the  grassy  slopes  of  the  middle  distance.  The  clouds  tipped  the  peaks  and 
cast  their  deep  shadows  over  most  of  the  snowy  masses  around ;  whilst  the  sun, 
bathing  the  glacier  of  Kailu  in  light,  made  it,  by  its  contrast  with  the  gloomy 
masses  by  its  side,  look  like  the  portal  of  a  heavenly  world  beyond. 

At  the  village  of  Sundri  there  was  not  a  square  foot  of  available  level  ground, 
all  the  terraces  being  under  crops,  and  so  I  had  to  pitch  my  tents  on  the  flat  roof 
of  a  house.  The  process  of  washing  my  face  and  hands  in  the  morning  was  a 
source  of  great  delight  to  a  group  of  village  maidens,  who  in  these  mountain 
villages  seem  wholly  unacquainted  with  the  cleansing  properties  of  soap  and 
water. 

Between  Sao  and  Sundri  (Sunder)  I  saw  nothing  of  the  conglomerate ;  on 
crossing  the  stream  under  Gh&nju,  however,  I  came  on  blocks  of  it,  and  encoun- 
tered them  in  nine  different  places  between  that  and  Bagai.  These  blocks  were 
not  in  situy  but  they  appeared  to  be  fragments  of  the  local  rock  with  which  the 
matrix  of  the  conglomerate  quite  corresponded.  The  dip  was  at  one  time  south 
but  afterwards  reverted  to  the  normal  direction.  Below  Bagai,  on  the  left  or 
south  bank  of  the  river,  I  found  the  conglomerate  in  situ  twice. 

From  Kalel  the  conglomerate  appears  to  strike  nearly  due  east  for  Bagai  and 
to  continue-  thence  towards  the  Ghara  Psbss,  where  I  am  told  that  it  occurs  by 
Dr.  Hutchinson  of  Ghamba. 

In  the  course  of  the  plications  in  which  the  Chamba  rocks  have  been  involved, 
Silurian  rocks,  lower  in  the  scale  than  the  conglomerates,  appear  to  have  been 
brought  in  between  the  latter  and  the  carbo-triassic  series,  which  in  the  Manjir- 
Kalel  section  is  in  contact  with  the  conglomerates  on  both  sides. 

The  dip  between  Bagai  and  Jasaor  is  about  south-south-west. 

On  the  Kalel  and  Balore  road,  on  both  banks  of  the  river  that  flows  between 
Daund  and  Balore,  I  came  upon  numerous  blocks  of  the  conglomerate  (they  are 
very  abundant  in  the  bed  of  the  stream) ;  and  though,  owing  probably  to  the 
abundance  of  vegetation,  I  did  not  find  any  actually  in  situ  on  the  ascent  to 
Masrund,^  I  doubt  not  that  the  conglomerates,  which  are  visible  in  situ  in 
numerous  places  round  Manjir,  and  which  we  have  seen  in  the  preceding  pages, 
are  abundant  along  the  head  of  the  Bailaum  valley,  are  continuous  between  the 
two  places. 

During'the  summer  of  1884  official  duties  led  me  to  Simla,  and  I  was  unable 
to  carry  out  a  projected  tour  in  Pangi;  Dr.  Hutchison,  of  the  Chamba  Mission, 
however,  kindly  undertook  to  make  observations  for  me,  and  in  particular  to 
mark  the  boundaries  of  the  silurian  conglomerate.  His  notes  are  given  fur- 
ther on. 

I  A  baiting  place  not  mnrked  on  the  map. 
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jOn  my  return  from  Simla  I  was  able  to  make  a  short  toar  up  the  Kali  Cho 
(Kali  Chu)  valley,  in  November,  and  I  now  proceed  to  give  the  results.  Our 
party  consisted  of  Dr.  Hutchison,  my  wife,  and  myself.  We  proceeded  eastwards 
from  Chamba  up  the  Ravi  to  a  point  opposite  Basu,  when  we  turned  northwards 
and  journeyed  via  G^uh  up  the  Belij  (Bailj)  valley  as  far  as  Kanaiter.  A  very 
BtifE  climb  of  6,200  feet  from  our  encamping  gpround  in  the  bed  of  the  stream, 
under  Bulote,  took  us  to  the  top  of  the  Kanaiter  pass,  which  we  crossed  at  an 
elevation  of  10,125  feet. 

The  hill  sides  were  white  with  snow  and  the  tracks  of  b^ars,  probably  the  red 
hearj  were  rather  numerous.  Our  route  lay  just  under  the  Thala  station,  and 
we  crossed  the  second  ridge  running  down  between  Oure  and  Thala  (Thale)  at 
a  high  elevation.  We  encamped  at  the  Dul,  ^  a  level  plot  of  land  that  must  once 
hat^  been  a  mountain  tarn,  just  above  the  junction  of  the  stream  flowing  from  the 
Silpiri  station  and  the  highest  stream  running  into  it  from  the  north-east. 

The  march  was  a  somewhat  trying  one,  and  though  we  started  early  our 
coolies  did  not  get  in  until  long  after  nightfall.  About  dinner  time  the  sad  news 
was  broken  to  us  that  all  our  crockery  had  been  left  behind  at  the  top  of  the 
pass;  that  the  coolie  carrying  the  load  had  given  himself  up  for  lost,  and  had  sat 
down  to  cry  ;  and,  that  as  he  was  deaf  and  dumb,  the  eloq[uence  of  our  servants 
had  been  exerted  on  him  in  vain. 

Parties  with  a  lantern  and  torches  were  sent  back  to  aid  those  behind,  and 
finally  all  our  men  arrived  without  accident. 

The  Dul  we  found  to  be  interesting  from  a  geological  point  of  view  :  it  is  evi- 
dently a  dried  up  tarn,  and  the  mode  in  which  it  was  formed  is  not  far  to  seek. 
The  bed  of  the  dul  is  bounded  on  the  south  by  what  appears  to  be  an  old 
moraine.  It  rises  abruptly  from  the  bottom  of  the  dul  to  the  height  of  about 
60  feet,  and  on  the  outer  side,  descends  at  a  high  angle  to  a  considerable  depth 
into  the  ravine  below.  This  bund  runs  in  a  straight  line  at  right  angles  to 
the  course  of  the  stream,  which  has  cut  a  narrow  channel  through  it,  at  one 
side  of  the  little  valley,  at  its  junction  with  the  solid  rocks.  The  bund  is  appa- 
rently formed  of  angular  blocks  of  rock  ;  there  is  nothing  in  the  conformation 
of  the  hill  sides  around  to  suggest  the  possibility  of  a  land  slip,  and  a  careful 
inspection  of  the  locality  convinced  Dr.  Hutchison  and  myself  that  the  bund 
is  an  old  terminal  moraine,  and  that  the  ancient  tarn  was  formed  by  the  shrink- 
ing of  a  glacier  that  has  long  since  disappeared.  The  elevation  of  the  Dul, 
measured  by  my  aneroid,  is  7,825  feet  above  the  sea. 

Our  onward  route  was  vuf  Guar  and  Tanda  to  Chalaur,  and  thence  through 
Manda  and  Bani  along  the  right  bank  of  the  stream  until  we  came  abreast  of 
Badra,  when  we  crossed  to  the  opposite  side.    ' 

The  last  3  or  4  miles  of  this  march  illustrates  well  the  general  character 
of  the  roads  traversed  during  the  whole  of  this  tour  and  the  kind  of  walking 
that  the  Himalayan  geologists  must  be  prepared  to  encounter.  Our  route  lay 
along  the  precipitous  sides  of  the  mountain ;  the  path  was  not  more  than  9 
inches  wide ;  a  fringe  of  grass  along  the  edge  seemed  to  invite  the  foot  but  gave 

*  On  tlie  acoompnnying  map  the  Dal  is  just  below  the  0  of  the  elevation  of  the  Thala  station 
12^8  feet). 
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way  the  moment  it  was  trodden  on.  A  fiiJI  would  inevitably  be  latal,  for  tkere 
was  neither  tree  nor  bush  to  save  you,  and  the  mountain  side  sloped  down  to  the 
river,  some  1»500  feet  below,  at  so  high  an  angle,  and  was  clothed  with  grass  so 
slippery,  that  nothing  could  have  saved  a  man  once  in  motion  downwards. 

This  was  varied  every  now  and  then  by  rook  work  along  precipices  where  yon 
needed  to  use  your  hands,  as  well  as  your  feet,  and  to  be  clever  in  prospecting 
your  way. 

The  trying  part  of  the  march,  however,  came  as  a  bonne  houche  at  its  end. 
The  torrent  under  Budra  has  cut  a  deep  narrow  gorge  through  the  mountain ; 
descent  to  the  water's  edge  was  impossible,  and  the  only  way  to  cross  the  stream  was 
by  a  frail  bridge  stretched  from  rock  to  rock  some  150  or  200  feet  above  the 
roaring  torrent  below.  The  bridge  was  formed  of  three  poles  about  30  yards  in 
length,  and  across  them  small  roughly  hewn  planks  were  fastened  with  twigs 
forming  a  roadway  of  about  a  yard  in  width.  A  plank  was  dangling  by  one  end 
over  the  chasm  below,  leaving  a  gap  in  the  roadway,  and  suggesting  painful 
doubts  regarding  the  stability  of  the  rest  of  the  structure.  The  bridge  had  neither 
railing  nor  hand  ropes. 

There  was  nothing  to  be  done  but  to  face  the  bridge,  and  so  I  mounted  the 
pile  of  stones  that  kept  the  poles  at  one  end  in  their  places  and  started.  I  must 
confess  that  when  I  neared  the  centre  my  heart  failed  me,  and  I  felt  horridly 
tempted  to  turn  back,  but  a  moment's  reflection  convinced  me  that  if  I  attempted 
to  do  so  I  should  probably  topple  over,  and  so  I  strode  onwards  with  hastened 
step  and  cleared  the  bridge  with  great  thankfulness. 

Now  came  my  wife's  turn.  My  guide  doubted  her  being  able  to  retain  her 
presence  of  mind,  and  wanted  to  bandage  her  eyes  and  carry  her  over  on  his  back, 
but  she  disdained  to  accept  this  mode  of  progression  and  walked  over  with  steady 
and  unfaltering  step. 

I  was  not  surprised  to  find  that  one  of  the  laden  hillmen  who  arrived  whilst 
J  was  resting  at  the  bridge  was  unable  to  face  it,  and  a  man  with  a  better  head 
was  obliged  to  cross  over  and  relieve  him  of  his  load. 

From  Budra  we  proceeded  up  the  stream  as  far  as  Luindi,  a  hamlet  of  three 
huts,  the  highest  inhabited  place  in  the  valley.  The  season  was  to6  late  to 
proceed  any  further,  and  there  was  no  object  in  our  doing  so,  for  an  inspection  of 
the  boulders  in  the  bed  of  the  stream,  flowing  down  from  the  K&li  Gho^  showed 
that  no  new  rocks  come  in  between  Luindi  and  the  crest  of  the  pass. 

Our  return  route  was  along  the  left  bank  of  the  stream  via  Baragrao  and 
Tatahu  to  Kani,  on  the  right  bank  of  the  Ravi,  and  thence  to  Aulansa  (Hulans). 
On  a  previous  occasion^  I  proceeded  from  Aulansa  to  Chamba  vi&  Kote,  but  on 
this  occasion  we  struck  down  to  a  fiew  road  in  progress  of  construction  along  the 
bed  of  the  Bavi,  as  that  gave  good  exposures  of  the  rooks. 

From  Bakaun  I  went  up  the  stream  running  to  the  west  of  the  Basu  station 
and  marked  the  boundary  of  the  outcrop  of  gneissose  granite  there.  In  this 
region  it  is  a  porphyritio  and  perfectly  granitic  rock. 

Having  described  my  route,  the  rocks  seen  by  the  way  can  now  be  noted. 
The  conglomerates  crop  out  under  Guh  (north  of  Basu)  and  continue  typically 
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developed  to  the  point  noted  on  the  map.  They  dip  under  limestones  that 
remind  me  somewhat  of  the  Blaini  rocks,  and  which,  like  them,  effervesce  slowly 
with  acids.  The  outcrop  is  about  100  yards  thick,  and  it  is  followed  by  slates, 
some  of  which  are  rather  dark.  Limestones  succeed  at  the  stream  to  the  south  of 
Puger.  These  effervesce  freely  with  acids.  From  this  point  up  to  the  head  of  the 
vidley  the  rocks  are  Silurians,  •itr.,  what  appear  to  be  Simla  slates  and  fine-gp?ained 
silidoua  beds,  many  of  the  latter  being  superficially  of  trappoidal  aspect  similar 
to  those  north  of  Sao. 

In  this  section  the  lower  Silurians  are  nowhere  reached.  The  apparent  thick- 
ness of  these  beds  is  vexy  great,  but  the  rocks  are,  I  think,  repeated  by  flexures. 

On  the  homeward  journey  we  carried  these  Silurians  with  us  all  the  way  to 
Kani.  Just  below  this  village  the  carbo-triassics  come  in.  On  the  descent  to  the 
Ravi  we  noted  five  outcrops  of  them  intercalated  with  slates ;  the  first  outcrop 
being  about  300  yards  in  thickness.  The  limestones  here  are  very  earthy,  and  for 
the  most  part  so  shaly  in  appearance  that  the  hammer  and  acid  bottle  had  to  be 
in  constant  use.  A  casual  traveller  might  easily  overlook  these  outcrops  altogether. 

The  limestones  are  succeeded  by  the  conglomerate;  the  limestone  in  actual 
contact  with  the  latter  weathers  brown  and  effervesces  slowly  with  adds,  remind- 
ing one  in  both  respects  of  the  Blaini  magnesian  limestone. 

The  outcrops  of  the  conglomerate  between  Aulansa  and  Ohitrali  (Ohitrahi), 
along  the  Koti  road,  have  been  described  in  a  former  paper.  Descending  to  the 
Bavi,  I  noted  an  outcrop  of  trap  in  the  slates  near  the  border  of  the  conglo- 
merate. It  is  only  about  six  yiurds  wide,  but  it  appears  to  be  interbedded  with 
the  slates,  and  to  be  on  the  same  horizon  as  the  Sao  trap. 

The  conglomerates  exposed  on  the  new  road  are,  as  usual,  not  continuously 
conglomeiitic,  but  they  are  seen  typically  developed  on  both  margins  and  at  least 
one  other  intermediate  place.  The  total  apparent  thickness  of  the  series  is  very 
greats  and  one  must  either  suppose  that  the  period  during  which  the  conglomerates 
were  laid  down  was  of  great  duration,  and  that  the  conglomeritic  period  recurred 
more  than  once,  at  long  intervals,  under  conditions  precisely  similar  to  those  of 
the  first  deposition;  and  that  the  rocks  under  denudation  and  the  mode  of 
deposition  were  identically  the  same  on  each  recurrence  of  the  conglomeritic 
period ;  or  we  must  suppose  that  the  thickness  of  the  conglomeritic  series  is 
apparent  only,  and  that  the  conglomerates  are  repeated  by  folding  and  flexures. 

The  latter  supposition  is  the  one  I  have  adopted.  The  section  along  the  river 
presents  much  to  support  this  view.  Dark  slates,  which  are  probably  infra-Krol, 
are,  I  think,  folded  up  with  the  conglomerate,  whilst  a  very  peculiar  rock  is  un- 
doubtedly reproduced.  This  is  a  vexy  white  rock  which  at  first  sight  seems  to  be 
oalcareous,  but  it  refused  to  effervesce  with  acids. 

Among  the  beds  folded  up  with  the  conglomerates  is  a  rock  with  dark  bands 
m  it  that  presents  some  interesting  and  instructive  examples  of  small  local 
faulting. 

Throughout  the  area  embraced  by  my  tour  of  November  1884,  the  dip  of  the 
strata  is  uniformly  north-easterly.  From  Kanaiter  to  Guar  the  dip  is  very  high 
•nd  in  one  place  quite  perpendicular.  Opposite  Budra  the  strata  on  the  top 
<rf  the  mountain  present  to  view  a  flat  wavy  synclinal  flexure,  whilst  the  beds 
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below  are  in  Bome  places  almost  perpendicular,  and  in  others  crampled  into  sbarp 
folds  like  the  capital  letter  M.  At  first  sight  one  might  suppose  that  the  sfcrata 
on  the  top  of  the  moantain  oppositiC  Budra  rested  unconf ormablj  on  the  perpexidi- 
cular  and  contorted  rocks  below,  but  I  feel  snre  that  this  appearance  is  only  tlie 
result  of  the  great  lateral  pressure  to  which  the  rocks  have  been  subjected,  and  is 
to  be  explained  in  the  way  suggested  in  my  first  paper  (Becords  X,  pp.  208,  209). 
The  present  contour  of  the  mountains  having  been  determined  before*  the  last 
Ilimalajan  disturbances  took  place,  the  strata  in  the  direct  line  of  the  squeeze 
naturally  suffered  more  than  the  strata  above  that  line. 

The  explanation  which  I  have  given  in  Part  III  of  this  paper  of  the  sectioii 
through  Hulh  (Hul)  applies,  I  think,  to  the  stratigraphy  of  the  Belij  and  EIAli  Cho 
valleys,  the  only  difference  being  that  the  Silurians  in  their  south-easterly  exten- 
sion have  been  involved  in  more  flexures  than  those  in  the  Sao  section — ^their 
apparent  thickening  being  due  to  this  cause ;  and  the  Simla  slates  have  been 
in  the  Belij  section  introduced  next  the  oarbo-triassic  series,  and  are  pxobablj 
repeated  further  north. 

The  following  notes  on  the  geology  of  the  P&ngi  valley  south  of  Kilar  have 
been  written  for  me  by  Dr.  Hutchison,  and  contain  the  results  of  his  observa- 
tions this  year : — 

'*  As  far  R8  the  village  of  Hftile,'  the  Btlarians  continae  with  a  loir  aouth-west  dip,  and  beyond 
this  a  uorth-enit  dip  Bets  in.  Aboat  8  miles  north  of  Hnile,  where  the  second  nallah  from  the  north 
joins  the  main  ice  stream,  the  micaceous  schistose  beds  give  place  to  the  Blaini  conglomermte  with 
white  and  g^y  qoartz  pebbles,  which  however  did  not  seem  to  be  very  nomerons.  A  little  farther 
north  the  rocks  are  coloured  with  iron  oxide,  but  they  seemed  to  be  of  the  same  character  aa  the 
conglomerates.  Proceeding  towards  the  Cheni  (Chaia)  pass  the  conglomerate  rocks  still  contiua- 
ed,  and  were  in  places  well  marked  ;  and  the  main  ice  stream  contained  numerous  boulders  of  a  con* 
glomeritic  character.  About  2  miles  from  the  top  of  the  pass  these  rocks  began  to  be  mixed  np 
with  rocks  of  a  slaty  appearance  and  nou-conglomeritic  ;  and  the  top  was  composed  of  slates  of 
much  the  same  appearance  and  character  as  the  coarse  slates  used  for  roofing.  The  dip  from 
Hiiile  to  the  summit  was  north-east  at  a  low  angle,  getting  higher  and  higher  near  the  top  ;  and  a 
mile  to  the  north  of  it  the  stmtti  became  quite  perpendicular,  and  continued  so  till  the  Chandra 
Bagha  river  was  neared  when  a  high  south-west  dip  set  in.  About  half-way  below  the  top  of  the 
pass,  and  the  junction  of  the  ice  stream  with  the  Chandra  Bagha,  there  is  a  very  well  marked  out- 
crop of  conglomerate  about  half  a  mile  or  so  in  thickness.  The  rocks  between  the  top  of  tiio 
pass  and  this  outcrop  did  not  seem  conglomeritic,  but  1  suppose  the,?  must  be  regarded  as  he- 
lunging  to  the  conglomerate  series.  North  of  this  point  the  rocks  seemed  silurian — micaceous- and 
quartzose  schists  and  slates. 

From  near  Kilar  to  a  point  one  mile  south  of  the  Mocha  stream  the  rocks  are  silurians  with  a 
south-west  dip.  South  of  this  there  arc  two  very  narrow  bnnds  of  a  pale  blue  sub-cryatalline 
limestone,  each  9  or  10  feet  thick.  Succeeding  these  is  a  well-marked  outcrop  of  conglomerates 
which  continue  to  a  point  opposite  the  village  of  Phinphar.  Throughout  a  considerable  portion 
of  this  distance  the  road  is  partly  cut  out  of  the  solid  rock  and  partly  supported  on  crowbars  fixed 
horisontally  into  the  face  of  the  perpendicular  cliff.  The  matrix  of  the  conglomerate  is  micaceous 
schist,  and  the  contained  boulders  are  chiefly  of  white  quartz,  some  of  them  as  much  as  9 
inches  in  their  long  diametdr.  These  rocks  nre  succeeded  by  silurians  with  a  south-west  dip  getting 
higher  and  higher  till  the  strata  become  perpendicular  to  the  south  of  the  Clieni  stream  and 
opposite  the  village  of  Kalaul ;  and  they  continue  so  as  far  as  the  village  of  Sugwas.  Here  a 
band  of  limestone  comes  in,  140  feet  in  thickness,  of  a  dark  colour,  soft  and  friable.  Next  come 
slaty  rocks  for  half  a  mile  or  so,  and  then  another  baud  of  limestone,  sub-crystalline  in  texture^ 

Hftile  is  on  Hie  north  vide  of  the  Cheni  (Cliaia)  pass  Dor<h  of  Debt  ICoti, 
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«]itl  alio  about  140  feet  thick.  This  in  followed  by  well-marked  oonglomeratei,  foil  of  pebbles 
which  oontUiae  neerly  te  fur  at  tbe  point  where  the  river  bends  roand  to  the  south.  The  dip 
opponte  Sogwaa  is  still  vertical,  but  beginning  to  incline  to  the  north-east,  and  this  inclination 
becomes  more  marked  as  the  southern  border  of  the  conglomerate  is  neared.  Next  come  micaceons 
and  qnartiose  rocks  with  a  moderate  north-east  dip  till  after  crossing  the  stream  coming  down 
from  the  peak  marked  **  snowy  peak  black  cone  17,146  feet"  and  half  way  between  that  stream  and 
the  one  to  the  sooth  of  it  the  conglomerates  come  in  ag^in  and  continne  till  the  stream  from  the 
Dimti  pass  is  Beared.  The  rocks  abound  in  pebbles  of  white  and  grey  quartz,  and  the  rocks  on  the 
other  side  of  the  river  are  seen  to  be  also  conglomeiitic  and  weathering  a  very  black  colour  near 
the  margin  of  the  water.  In  the  bed  of  the  Drati  stream  the  rocks  are  greenish  in  colour  and 
not  eonglomeritic ;  they  look  like  middle  Silurians.  These  continue  with  a  moderate  north-east 
dip  to  within  a  short  distance  of  the  large  stream  which  joins  the  Chandra  Bagha  from  the  south — 
midway  between  Tindi  and  Silgraon.  Here  well-marked  conglomerates  come  in  again  with  pebbles 
of  white  and  grey  qnartsite  and  granitoid  gneiss,  the  latter  becoming  more  numerous  near  Silgraon 
encamping  ground.  They  have  a  north-east  dip  and  continue  to  within  a  mile  oF  the  point, 
marked  "  bridge  "  on  the  map.  Immediately  above  the  bridge  and  on  the  left  bank  of  the  river  are 
seen  (from  the  opposite  side)  several  large  blocks  of  quartzite  from  2  to  3  feet  long  and  8  or  9 
inches  thick  embedded  in  the  slates  beyond  the  border  of  the  conglomerate. 

These  silnrian  slates  continue  on  into  Lahoul,  the  dip  becoming  perpendicular  between 
Silgraon  and  Margraon  and  inclining  over  to  the  south-west  beyond  Triloknath.  In  the  stream 
to  the  south  of  Uiat  place,  there  are  many  large  and  typical  boulders  of  conglomerate,  but  I 
nowhere  saw  the  rock  in  situ. 

On  my  return  journey  I  crossed  the  Drati  Pass,  but  found  no  rock  which  appeared  to  me 
eonglomeritie  till  I  came  within  a  mile  of  Chanjn.  The  Chara  Pass  is  I  know  composed  of 
congUmierate  whieh  seemed  to  me,  when  I  crossed  it  two  years  ago,  to  extend  continuously  from 
hidf  way  down  the  northern  side  of  the  pass  to  the  village  of  Bagai  (Baghi)  below  Chanju." 

I  have  marked  the  outcrops  of  conglomerate  noted  by  Dr.  Hutchison  on  my 
map  in  oonsnltation  with  him,  and  these  outcrops  I  have  connected  with  those 
ohsenred  by  me  on  the  north-east  side  of  the  Sach  Pass,  and  on  the  western  side 
of  the  snowy  chain. 

Dr.  Hutchison  believes  that  the  outcrop  at  Phinphar  (the  most  northern 
outcrop  marked  on  the  map,  a  little  to  the  south  of  Kilar)  is  continuous  with 
that  which  crops  out  on  the  north-east  side  of  the  Sach  Pass.  The  latter  out- 
crop, he  believes,  splits  into  two  arms— *one  curving  round  to  Phinphar,  and  the 
other  joining  hands  with  the  outcrop  at  Sugwas.  The  latter  supposition  does 
not  seem  open  to  any  doubt,  as  the  conglomerate  has  been  seen  in  situ  by  Dr. 
Hutchison  on  both  sides  of  the  Gheni  (Ghaia)  Pass,  and  its  boundaries  on  both 
sides  of  that  pass  have  been  carefully  noted. 

It  is  not  improbable  that  the  outcrop  on  the  north-east  side  of  the  Sach  Pass 
splits  up  in  the  manner  suggested.  The  apparent  thickness  of  the  conglomerates 
I  have  all  along  supposed  to  be  owing  to  flexions ;  and  to  older,  and  probably  at 
times  younger,  slates  having  been  caught  up  in  their  folds.  The  splitting  up 
then  of  the  Sach  conglomera^  into  two  arms  seems  to  be  only  a  reproduction  of 
the  conditions  of  the  Hulh  (Hul)  section,  where  a  great  thickness  of  silurian 
slaty  rocks  have,  in  the  manner  explained  in  Part  III,  been  inserted  between  the 
Sao  and  Bagai  outcrop  of  the  conglomerate. 

The  Phinphar  outcrop  of  the  conglomerate  apparently  curves  round  to  the 
north-east,  for  Dr.  Hutchison  tells  me  that  he  found  numerous  boulders  of  this 
rock  as  well  as  limestone  near  the  village  of  Banu  up  the  Hanan  nala,  which 
nms  into  the  Chandra  Bhaga  at  Kilar. 
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Pr.  HntoiuBon  is  also  of  opinion  that  ibm  Sngwaa  and  Snlgnum  oatorofNi  are 
oontinnons  (which  was  also  the  Tiew  taken  by  Mr.  Ljdekker),  and  ihaA  the  ont- 
crops  observed  by  him  (Dr.  Hutchison)  on  both  sides  of  the  Chara  Pass  mns 
into  it. 

The  Salgraon  outcrop  apparentiy  onrves  round  and  mns  along  the  nortliera 
side  of  the  Kali  Cho,  for  Dr.  Hutchison  observed  numerous  boulders  of  it  in  the 
stream  flowing  down  from  the  Gheroh  snowy  cone  into  the  Chandra  Bh^a  at 
Trilokndth ;  whilst  we  saw  none  in  the  bed  of  the  stream  at  Luindi  on  the  south- 
em  side  of  that  mountain. 

The  slates  associated  with  the  upper  silurian  conglomerate  in  the  parts  of 
Pdngi  embraced  by  Dr.  Hutchison's  paper  are  probably  middle  Silurians  consider- 
ably altered  by  the  proximity  of  granite. 

It  is  interesting  to  note  that,  as  in  the  Simla  area,  the  conglomerates  are  rare- 
ly far  separated  from  limestones ;  those  immediately  in  contact  with  them  present- 
ing points  of  resemblance  to  the  Blaini  rock. 

I  have  not  coloured  the  limestone  outcrops  noted  by  Dr.  Hutchison  on  my  map, 
because  the  doubt  remains  whether  they  are  of  upper  silurian  age,  or  whether 
they  also  embrace  some  of  the  carboniferous  limestones.  This  doubt  was  also 
felt  by  Mr.  Lydekker  with  reference  to  the  limestones  observed  by  him  in  the 
region  embraced  by  Dr.  Hutchison's  paper. 

In  the  typical  Simla  area  a  thick  band  of  infra-Krol  (carboniferous)  slates 
intervene  between  the  Blaini  (upper  silurian)  limestones  and  the  carbo-triassic 
(Krol)  series ;  but  these  carbonaceous  slates  seem  to  be  sometimes  absent  in  the 
Ghamba  area. 

In  view  of  this  difficulty,  and  in  the  absence  of  fossils,  I  have  thought  it  beet 
not  to  give  the  limestones  of  Tiugi,  noted  by  Dr.  Hutchison,  a  distinctive  colour 
on  my  map, 

Ooncliiston. 

The  result  of  the  tours  detailed  in  the  preceding  pages  has  been  to  confirm  me 
in  the  view  expressed  in  my  paper  on  the  Geology  of  Dalhousie,  that  the  trap  of 
the  Dalhousie-Ghamba  area  is  of  infra  carboniferous  age,  and  that  in  this  region 
it  comes  in  between  the  carbo-triassic  and  the  silurian  series. 

To  the  north-west  of  Dihur,  where  the  carbo-triassic  limestones  have  either 
thinned  out,  or,  more  probably,  have  been  squeezed  out  in  the  course  of  the  pli- 
cations in  which  the  Ghamba  area  has  been  involved,  the  trap  is  in  contact  with  the 
upper  silurian  conglomerate  along  both  margins ;  whilst  at  Dihur,  and  in  the 
Bailaum-Sao  direction,  it  comes  in  between  the  carbo-triassic  series  and  the  con- 
glomerate. 

The  trap  dies  out  between  Dihur  and  Bailaum,  but  it  will  be  seen  on  referring 
to  the  map  that  the  disappearance  of  the  trap  coincides  with  a  very  sharp  bend 
in  the  strike  of  the  strata.  The  trap  when  it  disappears  in  the  neighbourhood  of 
Dihur  is  in  contact  with  the  northern  boundary  of  the  carbo-triassic  series,  whilst 
when  it  re-appears  it  is  in  contact  with  the  southern  boundary  of  that  series.  On 
the  supposition  that  the  trap  intervenes  between  the  upper  silurian  conglomerates 
and  the  carbo-triassic  series,  this  may  be  accounted  for  by  the  flexions  in  which 


PA&T  2J      McMahoh  :  fuftker  notes  on  tie  Geblogy  of  Chamba.  98 

iliese  rocks  have  been  inTolved.  Moxeoveri  the  depoeition  of  the  lava  atreams  ci 
the  infra-earbonifeTonfl  yoloanoes  may  have  been  limited  towards  the  west  in  the 
Dihnr  area,  and  towards  the  east  in  the  Bailanm  and  Sao  area.  Fnrthermore,  it 
is  evident  that  the  plications  in  which  the  Ghamba  rocks  have  been  involved 
resulted  in  ^nlts,  for  the  upper  silnrian  conglomerates,  which  are  in  contact  with 
the  northern  boundary  of  the  carbo-triassic  series  at  Dhar  and  Kalel»  have  been 
removed  to  a  distance  from  that  boundary  in  the  Hulh  and  Sao  sections,  what 
appear  to  be  silurian  rocks  lower  in  the  series  than  the  Simla  states  coming  in 
between  them. 

The  northern  boundary  of  the  carbo-triassic  series  in  the  Bailaum«Sao  area^ 
therefore,  being  evidently  a  faulted  one,  the  non-appearance  of  the  trap  along  the 
northem  boundary  of  the  carbo-triassic  limestones  in  that  area  need  occasion  no 
surprise. 

The  fact  that  the  trap  dies  out  between  Dihur  and  the  neighbourhood  of  Bai- 
laum  may  be  due  either  to  faulting  or  to  the  fact  that  the  Dihur  and  the  Bailaum 
flows  were  connected  with  different  volcanic  vents,  and  the  lava  flows  did  not 
extend  into  the  area  between  Dihur  and  Bailaum.  This  last  explanation  is,  I 
think,  the  true  one,  and  it  is  the  one  which  I  have  adopted  in  Part  III  of  this 
paper. 

Mr.  Lydekker  at  page  241  of  his  memoir  on  Kashmir  remarks  that  "  It  cannot 
be  taken  as  certain  that  all  the  conglomerates  of  the  Elashmir  valley  correspond  to 
the  Blaini  conglomerate,  since  in  the  Pir-Panjdl  range  the  conglomerates  appear 
to  occur  in  the  middle  of  the  slate  series,  and  are  never  even  when  the  traps  are 
absent  in  direct  contact  with  the  Zansk^r  rock." 

I  do  not  venture  to  offer  any  opinion  about  the  Pir-Panjfil  rocks,  but  the  re- 
sult of  my  explorations  detailed  in  this  paper  show  that  where  plications  and 
faults  are  abundant,  some  sections  are  apt  to  be  misleading.  A  traveller  journey- 
ing northwards  from  Hulh  through  Ohanju  would  encounter  a  great  thickness  of 
Silurian  rocks  on  either  side  of  the  conglomerate;  whilst  another  journeying 
northwards  along  a  parallel  line  through  Kalel  would  find  the  conglomerate 
in  junction  with  the  carbo-triassic  series  on  both  sides  of  the  outcrop  of  the 
latter. 

I  have  examined  under  the  microscope  a  slice  of  the  fine-grained  sandstone 
which  intervenes  between  the  conglomerate  at  Ohanju  and  the  carbo-triassic 
series  at  Hulh.  It  is  a  highly  indurated  rock  composed  of  grains  of  quartz  and 
felspar  with  strips  of  muscovite  in  it  here  and  there.  The  whole  of  the  interstitial 
mud  has  been  converted  into  mica,  apparently  paragonite.  Under  the  microscope 
the  sandstone  has  an  ancient  aspect,  and  its  appearance  confirms  my  impression 
that  it  is  a  silurian  rock  that  occurs  lower  down  in  the  series  than  the  Simla 
slates. 

PABT  II. 

THE  MICROSCOPIC  STBUCTUBB  OF  THB  TRAPS  DI8CRIBID  VX  PART  I. 

I  have  already  described  in  the  preceding  pages  the  way  in  which  trap  crops 
out  along  two  distinct  lines,  one  to  the  north,  and  the  other  to  the  south,  of  the 
carbo-triassic  series.     In  the  following  pages  I  purpose  giving  the  results  of  the 
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examination  of  thin  slices  of  these  traps  under  the  microscope,  and  then  to 
compare  the  two  outcrops  with  each  other,  and  with  that  in  the  DaJhonsie  area.^ 
I  shall  begin  first  with  this  trap  to  the  north  of  the  carbo-triassio  series. 

Ridge  above  Bhdndal — AUered  Basalts, 

No.  1. — A  greenish-grey  rock  mottled  with  epidote.     Sp.  G-.  2*86. 

M.— 'The  groundmass  consists  of  triclinic  felspar  crystals  radiating  in  all 
directions.  Augite  was  originally  abundant,  but  a  considerable  portion  of  it  has 
been  converted  into  epidote  in  situ.  The  augite  is  traversed  by  cracks  stopped 
with  epidote  and  viridite. 

The  slice  contains  much  magnetite,  or  ilmenite,  and  some  hflematite  and 
viridite. 

The  rock  is  an  altered  basalt  approximating  to  a  diabase.  No  glassy  base  can 
be  made  out  and  the  slice  contains  no  liquid  cavities. 

No.  2.^A  greenish  grey  compact  rock  rather  mottled  in  its  appearance.  Sp. 
G.  2-94. 

M. — Epidote  abounds  in  this  sHce,  but  no  augite  can  be  identified  with  cer- 
tainty. Viridite  is  abundant.  The  felspar  is  in  rather  large  crystals,  many  of 
which  are  visibly  triclinic. 

The  slice  contains  a  small  amygdaloidal  cavity  stopped  with  viridite,  calcite, 
quartz  and  a  white  zeolite.  The  quartz  contains  a  few  liquid  cavities  with 
movable  bubbles. 

I  think  this  specimen  belongs  to  the  same  class  as  the  last,  but  it  is  a  highly 
altered  rock. 

Andesites, 

No.  3. — A  greenish-grey  compact  rock.  Two  amygdules  are  visible  in  the 
hand  specimen,  composed  of  a  white  zeolite  and  a  little  epidote.     Sp.  G.  2*80. 

No.  4. — ^A  g^reenish-grey  compact  rock,  little  red  specks  being  visible  in  it, 
here  and  there,  due  to  the  peroxidation  of  the  iron.  This  sample  is  very  like  a 
typical  specimen  of  the  Mandi  and  Dalhousie  traps.     Sp.  G.  2*82. 

M. — Most  of  the  felspar  is  visibly  triclinic  and  it  is  grouped  in  the  usual 
stellate  manner.  Grystab  of  epidote  are  here  and  there  to  be  seen,  and  there  is  a 
considerable  amount  of  viridite  in  irregular  lake-like  spaces.  A  green  dichroic 
mineral,  which  appears  to  be  hornblende,  is  present  in  minute  prisms,  fringing, 
or  more  or  less  connected  with  viridite. 

Extinction  takes  place  at  an  angle  from  the  axis  of  the  prism  which  agprees 
with  the  angle  of  extinction  for  hornblende. 

There  is  a  good  deal  of  ilmenite,  and  possibly  magnetite,  present  in  the  slice, 
besides  some  leucoxene,  heomatite  and  ferrite.  The  red  spots  seen  on  the  hand 
specimens  are  due  to  the  two  latter  secondary  products. 

These  specimens,  which  appear  to  belong  to  the  andesite  group,  are  particu- 
larly interesting,  as  they  seem  to  me  to  exhibit  in  its  first  stages  those  metamor- 
phic  changes,  which  have,  I  think,  converted  some  of  the  igneous  rocks  of  the 
Satlej  area  into  hornblende  schists. 

^  Described  in  Records,  XV,  p.  34. 
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No  liquid  cayities  are  present  in  slicea  3  and  4. 

No.  5. — ^A  greenish-gprey  oompact  rock.  It  fuses  under  the  blowpipe  to  a 
dark,  almost  black,  magnetic  bead.     Sp.  G.  2*79. 

M. — This  is  a  highly  felspathic  Tariety ;  it  consists  of  congeries  of  felspar 
crystals,  many  of  which  are  visibly  triclinio,  imbedded  in  a  glassy  base.  A  pale 
almost  colourless  yiridifce  is  rather  abundant.  Very  little  epidote  is  present. 
The  slice  contains  a  considerable  amount  of  magnetite  and  a  red  product  of  its 
alteration.  This  specimen  is,  I  think,  a  transitional  variety  between  the  andesites 
and  felsites. 

FeUites, 

Noe.  6  and  7. — Greenish-grey  compact  rocks.  "Sp,  G.  2*96  and  2*80,  Both 
fuse  under  the  blowpipe  to  a  dark,  almost  black,  magnetic  bead. 

M. — ^No.  6  consists  of  epidote  in  a  colourless  glassy-looking  base,  which 
remains  dark  when  revolved  between  crossed  nicols. 

No.  7  has  none  of  the  microscopic  characters  of  serpentine,  and  it  unquestion- 
ably is  not  that  substance,  but  nevertheless  under  the  microscope  it  looks  more 
like  serpentine  than  anything  with  which  I  can  compare  it.  In  ordinary  trans- 
mitted light  it  appears  to  be  composed  of  granular  matter  imbedded  in  a  colour- 
less, or  nearly  colourless,  base.  Between  crossed  nicols  the  granular  matter  is 
seen  to  be  isotropic,  and  the  field  remains  dark  between  crossed  nicols,  relieved  by 
stripes  and  irregular  patches  of  the  doubly  refractive  matter  which  polarise  with 
a  yellow  tint. 

A  little  epidote  and  calcite  are  to  be  seen  here  and  there ;  whilst  the  slice 
is  dappled  with  patches  of  a  substance,  white  in  reflected,  and  opaque  in  trans- 
mitted light.     Neither  specimen  contains  any  trace  of  a  basaltic  mineral. 

No.  8. — The  weathered  surface  has  a  slaty  aspect,  but  when  a  lens  is  used,  un- 
weathered  portions  present  a  mottled  felspathic  appearance.  In  colour  the  rock 
is  a  pale  greenish-grey.     Sp.  G.  2*81. 

M. — The  groundmass  consists  of  a  glass  of  very  pale  yellow-ochre  colour  in 
transmitted  light.  In  this  there  are  little  patches  and  strings  of  colourless 
granular  matter,  crystalline  in  aspect,  which  remain  dark  when  revolved  under 
crossed  nicols.  Clear  lacunao  of  the  yellow  glass  are  seen  here  and  there  :  they 
have  invariably  a  border  of  the  granular  matter,  and  patches  of  this  product  of 
divitrification  penetrate  into  and  are  dappled  over  the  lacunas. 

Under  crossed  xiicols  the  pale  yellow  base  breaks  up  into  a  black  and  white, 
mottled  crypto-crystalline  mass,  whilst  here  and  there  portions  polarise  with  a 
yellow  tint. 

The  arrangement  of  the  whole,  both  with  and  without  polarised  light,  is 
highly  suggestive  of  fluxion  structure. 

A  few  specks  of  red  f errite  are  visible  in  the  slice. 

No.  9. — A  compact  rock  of  reddish  brown-colour  mottled  with  green.  Sp. 
G.  2-80. 

M« — The  base  is  crypto-crystalline  like  the  last  specimen.  In  this  blebs  of 
quartz  are  sparsely  distributed,  and  there  is  a  considerable  amount  of  epidote. 
Some  of  the  latter  looks  much  like  augite  in  process  of  conversion  into  epidote 
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There  are  cracks  and  yeins  in  the  slice  filled  ¥rith  qnartas,  and  some  of  these  cracks 
penetrate  the  epidote. 

The  qnartas  contains  liquid  caTities  with  movable  babbles,  bat  they  are  veiy 
minute  and  require  high  powers  to  be  visible. 

The  magnetite  has  almost  wholly  been  converted  into  an  opaque  red  ferriie 
and  to  this  change  in  the  oxidation  of  the  iron  the  red  colour  of  the  roqk  is  dae» 
the  jellowish-green  patches  being  due  to  the  presence  of  epidote. 

Specimens  6  to  9  must,  I  think,  be  as  classed  as  felsites. 

BaaaU  Porphyry. 

Six  hand  specimens  and  seven  thin  slices  of  the  p^orphjTitic  variety  of  the 
trap  found  on  the  ridge  above  Bhandal  have  been  examined. 

The  porphyrite  is  an  extremely  tough  rock  and  breaks  with  great  difficulty, 
even  when  a  heavy  hammer  is  used.  The  matrix  is  perfectly  compact,  and  it  is 
generally  of  a  dark  bluish-grey  colour,  though  in  some  specimens  it  is  gpreenish- 

The  specific  gravity  of  the  basalt  porphyries  ranges  from  2*76  to  3'01,  the 
average  specific  gravity  being  2*89. 

Under  the  microscope,  the  groundmass,  in  most  of  the  specimens,  is  seen  to  be 
of  basaltic  structure,  and  consists  of  minute  prisms,  and  crystallites  of  felspar, 
set  in  a  matrix  of  fine  granular  matter ;  whilst  in  others  this  granular  matter  is 
comparatively  sparse,  and  the  groundmass  approximates,  in  character,  more  to  an 
andesite  or  trachyte,  and  consists  of  a  net  work  of  minute,  but  for  the  most  part, 
imperfectly  formed  crystals  of  felspar. 

Fluxion  structure  is  more  or  less  observable  in  all  the  specimens.  In  some 
the  gp'oundmass  passes  here  and  there  into  a  micro-felsitic  substance. 

Magnetite  is  abundant  in  all  the  slices,  being  present  in  micro-grains  of  irregu- 
lar shape.  Ilmenite  also  is,  or  has  probably  been,  present,  as  the  slice  is  dappled 
with  an  opaque  substance  resembling  leucoxene. 

Augite  in  granules  appear  to  be  sparsely  present  in  a  few  specimens. 

The  great  majority  of  the  porphyritic  crystals,  and  a  large  number  of  the 
micro-prisms  of  felspar,  are  visibly  triclinic.  The  former  are  much  corroded, 
cracked  and  broken,  whilst  portions  of  the  groundmass  penetrate  into  their  sub- 
stance in  the  form  of  tongues.  Some  of  those  large  plagioclase  fragments  are 
much  bent,  the  planes  of  twinning  being  bent  with  the  prism ;  whilst  one  crystal 
is  broken  into  fragments  which  have  been  floated  to  some  little  distance  from  each 
other.  These  porphyritic  crystals  clearly  belong  to  the  first  epoch  of  consoli- 
dation. 

The  slices  contain  rather  large  crystals  of  augite,  but  most  of  it  is  much 
altered,  being  converted  into  a  brownish-yellow  substance,  or  into  epidote. 

One  of  the  slices,  the  groundmass  of  which  is  of  unusually  small  grain, 
abounds  in  what  appear  to  have  been  vesicular  cavities.  They  are  nearly  all 
flattened  and  drawn  out  into  irregular-shaped  lacunee.  They  are  lined  round  the 
edge  with  granular  epidote  and  stopped  with  epidote,  and  a  serpentinous-looking 
substance,  of  the  palest  yellow  tint  in  transmitted  light. 
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Some  of  the  large  felspars  contain  cavities  filled  with  viridite  and  epidote, 
which  probably  represent  olivine  or  angite  crystals  :  others  contain  small  patches 
of  calcite  and  yiridite»  the  evident  products  of  decomposition. 

A  few  cavities  contain  secondaiy  quartz  and  a  zeolite. 

In  one  of  the  slices,  the  magnetite,  which  here  and  there  is  crystallized  in  a 
regular  mMmer,  exhibits  a  tendency  to  assume  semi-circular  forms.  One  of  these 
figures  resembles  the  wheel  of  a  cart  cut  in  half,  there  being  a  thick  semi-circular 
nog  of  unifOTm  width  with  spokes  radiating  to  it  from  a  sort  of  nave. 

I  have  not  detected  any  liquid  cavities  in  the  secondary  quartz  or  in  the 
felspar. 

This  varieiy  of  the  trap  should,  I  think,  be  called  a  basalt  porphyry. 


Btdge  above  Tiloga.     Volcanic  tuffs. 

No.  17. — A  greenish-grey  compact  rock 
18. — A  grey  compact  rock 
19. — A  dark  greenish-grey  rock 
20.<— A  grey  compact  rock 
21. — A  greenish-grey  compact  rock 


Sp.  G.  2  67 
Sp.  G.  2-82 
Sp.  G  2-93 
Sp.  G.  2-87 
Sp.  G.  2-70 


In  No.  17  the  weathered  surface  presents  a  fine-grained  granular  appear- 
ance, which  strongly  suggests  the  idea  that  the  rock  is  a  consolidated  ash.  In 
No.  18  the  surface  is  so  overgrown  with  lichen  that  nothing  can  be  made  out ; 
bat  in  No.  19  the  granular  character  is  somewhat  doubtfully  discernible.  In 
Nos.  20  and  21,  the  weathered  surface  gives  indications  of  a  laminated  arrange- 
ment of  the  materials.  Most  of  the  specimens  are  more  or  less  finely  vesicular, 
or  have  empty  interspaces  here  and  there  between  the  grains. 

M. — ^The  majoriiy  of  the  slices  are  distinctly  vesicular,  a  structure  which  is 
very  characteristic  of  an  ash,^  but,  with  the  exception  of  No.  20,  none  of  the  slices 
give  any  indication  of  fragmentary  structure  under  the  microscope.  In  the  last- 
mentioned  slice,  much  of  it  is  seen  between  crossed  nicols  to  be  fibrous  in  patches, 
the  fibres  in  one  patch  running  in  a  different  direction  to  those  of  neighbouring 
patches, — an  arrangement  which  imparts  a  fragmentary  appearance  to  the  whole. 
In  No.  21  the  remains  of  a  crumpled  lamination  are  distinctly  yisible,  the  old 
l&mination  being  represented  by  irregular  lines  of  viridite. 

No  augite,  felspar,  or  other  original  mineral  of  the  lava,  except  magnetite,  is 
visible  in  any  of  the  slices ;  but  epidote,  green  mica,  and  patches  of  calcite  are 
generally  distributed  throughout  them. 

A  dull  quartz  finds  a  place  more  or  less  in  all  the  slices  ;  it  is  scattered  about 
in  minute  flecks,  or  in  micro-grains,  which  exhibit  a  strong  tendency  to  cluster  to- 
gether, and  form,  with  granular  viridite,  spots  dotted  over  some  of  the  slices. 
Magnetite  also  shows  a  tendency  to  form  borders  round  these  spots,  and  here  it 
ia  probably  a  secondary  product. 

Irregular  veins  traverse  some  of  the  slices,  and  they  are  stopped  with  quartz, 
magnetite,  and  granular  viridite.  Some  amygdaloidal.looking  cavities  are  filled 
ivith  calcite,  and  quartz,  in  micro  grains. 

»  See  I)r.  Sorby  in  Q.  J.  G.  S.,  Vol.  XXXVI,  p.  55. 
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Viridite  forms  a  more  or  less  prominent  object  in  all  the  slices.  There  are  no 
porphjritic  crystals  ;  the  gronndmass  contains  neither  microlith  nor  crystallite  and 
presents  no  characteristic  structure. 

The  Tiloga  specimens  are  all,  I  think,  intensely  altei^  volcanic  toffs. 
Nos.  17  and  18  might  conceivably  be  highly  altered  vesicular  lavas,  in  which  case 
one  would  have  to  attribute  the  distinctly  fine-grained  granular  surface  to  tlie 
effects  of  weatheriug  on  a  very  fine-grained  vesicular  mass,  but  this  supposition 
is  not  a  probable  one.  No.  19  may  possibly  be  a  highly  altered  felsite.  "  Finely 
bedded  ash,  when  highly  altered,  is  undistinguishable  in  microscopic  structure 
from  an  undoubted  felstone-lava ;"  *  but  in  this  case  the  high  specific  gravity  of* 
No.  19  is  opposed  to  the  view  that  it  is  an  altered  felsite.  On  the  whole,  taking 
into  consideration  the  granular  weathered  surface  of  No.  17,  the  distinctly  lamin- 
ated structure  of  No.  21,  and  the  general  features  of  these  specimens,  1  have  with 
some  doubt  and  hesitation  come  to  the  conclusion  that  Nos.  17  to  21  are  highly 
altered  volcanic  tuffs. 

Considering  the  age  of  these  rocks  it  is  not  surprising  that  ash  of  so  fine  a 
grain  should  have  been  so  highly  altered. 

The  Bailaum-Hulh  (^Hul)  outcrop.    Altered  volcanic  ash. 

The  samples  (1  to  21)  above  described  are  from  the  outcrop  of  the  trap  to 
the  north  of  the  carbo-triassic  series  running  from  near  Dihur  (Duire)  in  a  north- 
westerly  direction  towards  Badrawdr.  The  following  specimens  were  taken  from 
the  outcrop  which  occurs  to  the  south  of  the  carbo-triassic  series  between  BaHaum 
and  Hulh.  » 

Nos.  22  and  23. — Qreenish-grey  compact  rocks  from  Bholu,  under  the 
Bundhar  Trigonometrical  Surv^ey  station.  The  outcrop  here  is  only  about  100 
feet  in  thickness.  The  Sp.  G.  of  No.  22  is  2'84i  and  of  No.  23,  2'88.  No.  22  is 
somewhat  fissile,  and  minute  specks  of  mica  are  visible  in  it  here  and  there.  On 
the  cut  surface  it  has  a  streaky  appearance.  One  of  the  surfaces  of  No.  23,  which 
is  perfectly  flat,  is  distinctly  granular. 

M. — The  gronndmass  of  No.  22  is  crypto-crystalline ;  no  definite  crystals 
of  felspar  are  anywhere  discernible,  granules  or  fragments,  of  what  appears  to  be 
augite,  are  scattared  about  in  it ;  the  most  prominent  feature,  however,  is  the  pre- 
sence of  what  1  take  to  be  hornblende  in  minute  thin  prisms,  fibres,  and  irregular 
masses  intermingled  with  mica.  The  hornblende  in  transmitted  light  is  of  the  palest 
brown-green  colour,  and  is  not  at  all  dichroic.  Extinction  takes  place  at  from  3 
to  20  degrees  from  the  axis  of  the  prisms.  The  prisms  and  fibres,  generally,  but 
not  always,  run  in  the  same  general  direction,  whilst  the  mica  always  does  so. 
The  slice  contains  several  empty  vesicular  cavities. 

No.  23  is  much  the  same  sort  of  rock  as  the  last ;  the  hornblende,  however, 
is  absent,  and  a  mica  ranging  from  a  pale  brown-green  to  a  reddish-greenish-brown 
takes  its  place.     This  mica  is  abundant. 

Crystals  of  felspar,  most  of  which  are  visibly  triclinic,  are  very  abundant  in 
this  slice ;  their  external  outlines  are  highly  irregular,  and  never  exhibit  straight 

lines. 

»  J.  CUftou  Ward,  Q.  J.  G.  S.,  Vol.  XXXI,  p.  405. 
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The  slice  contains  a  few  patches  of  hasmatite.  There  are  some  vesicular 
cavities,  some  of  which  are  stopped  with  calcite ;  calcite  also  occurs  in  minute 
granules  throughout  the  sHce, 

Some  of  the  felspars  contain  a  few  extremely  minute  cavities  with  movable 
bubbles. 

Both  specimens  are,  I  think,  intensely  altered  ashes. 

Hulh,  Hornblende  andesites. 

The  following  specimens  were  taken  below  the  village  of  Hulh,  in  the  valley 
of  that  name,  from  the  same  horizon  as  Nos.  22  and  23$  but  some  miles  to  the 
south-east  of  Bholu. 

No.  24. — A  fine-grained  pale  greenish.grey  rock.  With  a  pocket  lens  it  la 
seen  to  be  sub-ci^stalline.  Under  the  blowpipe  it  fuses  to  a  very  dark  magnetic 
bead.     Sp.  G.  2*88. 

M. — This  is  quite  a  typical  lava :  it  is  composed  of  an  intimate  mixture  of 
triclinic  felspar,  in  prisms  radiating  in  all  directions,  and  hornblende.  The 
latter  is  in  prisms  fringed  at  the  ends  with  microlites  of  the  same  mineral. 
The  hornblende  is  of  the  palest  conceivable  green  tint  and  exhibits  no  dichroism  ; 
here  and  there,  however,  the  prismatic  cleavage  planes  intersect  at  the  angle 
characteristic  of  hornblende ;  extinction  also  agrees  with  that  of  this  mineral. 
No  augite  can  be  identified,  but  epidote,  colourless  in  transmitted  light,  and 
which  does  not  exhibit  dichroism,  is  rather  abundant.  A  little  secondary  calcite 
is  also  present.  No  magnetite  or  ilmenite  is  to  be  seen,  but  the  slice  is  dappled 
with  a  granular  opaque  substance,  white  in  reflected  light,  which  seems  allied  to 
leaooxene. 

A  glassy  base  of  very  pale  yellowish-green  colour  is  visible  here  and^here. 
The  felspar  contains  nests  of  microlites  which  may  possibly  be  apatite,  but  I 
think  they  axe  more  probably  colourless  hornblende  like  those  fnnging  the  ends 
of  the  hornblende  prisms.  Their  action  on  polarised  light  is  swamped  in  that 
of  the  felspar. 

The  rock  is  evidently  one  that  has  suffered  a  large  amount  of  alteration. 

No.  25. — A  greenish-grey  compact  rock  much  mottled  with  epidote  and 
containing  seolitic  amygdules  here  and  there.     Sp.  G.  2' 98. 

No.  26. — A  bluish-grey  compact  rock  with  specks  of  white  zeolite  showing 
in  it.    Sp.  G.  2-89. 

No.  27. — A  bluish*grey  compact  rock.     Sp.  G.  2*91. 

M. — These  are  all  highly  altered  rocks.  The  ground  mass  is  felspathic, 
passing,  in  No.  26,  here  and  there  into  quartz.  It  contains  mottled  masses  and 
fine  acicular  prisms  of  hornblende.  The  hornblende  is  of  green  colour  and  is 
feebly  dichroic  in  No.  25,  but  is  colourless  and  non-dichroic  in  the  other  slices. 

Epidote  is  a  prominent  feature  in  No,  25,  and  it  is  more  or  less  abundant  in 
the  other  slices  also.  A  mica  of  greenish-yellow  colour  in  transmitted  light  is 
present  in  No.  26.     Square  and  triangular  sections  of  magnetite  occur  in  No.  25. 

All  these  slices  (Nos.  25  to  27)  contain  amygdules  composed  of  zeolites, 
quartz,  calcite,  epidote,  and  mica.  The  zeolites  are  full  of  liquid  cavities  with 
movable  bubbles. 
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Conclusion, 

Some  of  the  specimens  described  in  the  preceding  pages  (Part  II)  very  macli 
resemble,  in  macroscopic  appearance,  typical  specimens  of  the  Dalhonsie  and 
Mandi  altered  basalts  ;  bnt  the  resnlt  of  the  microscopic  examination  of  the 
whole  is  to  show  that,  in  the  region  north  of  Dalhonsie,  the  traps  hare  changed 
considerably  in  type;  they  present  more  variety,  too,  than  those  sonth  of 
Dalhonsie. 

In  the  ridge  north  of  Bhdndal  basalt  porphyries  become  prominent  and  afford 
an  additional  link  between  the  volcanic  rocks  of  Chamba  and  those  of  Elashmir, 
where  similar  porphyritic  traps  are  not  nncommon.' 

I  have  termed  the  porphyritic  rocks  above  described  basalt  porphyiy,  because 
in  specific  gravity  they  range  as  high  as  3*01,  and  their  average  is  2'89  \  and 
because  the  gronndmass  of  most  of  them  is  basaltic  in  stractnre.  In  some 
specimens,  however,  the  gronndmass  approximates  in  character  to  that  of  an 
andesite  or  trachyte ;  bnt  the  felspars  belong  to  the  triclinic  system,  and  the 
rock,  therefore,  is  clearly  not  allied  to  the  trachytes. 

No  olivine  has  been  found  in  any  of  the  specimens  examined ;  but  considering 
the  age  of  these  rocks  and  the  extent  to  which  they  have  undergone  alteration, 
I  do  not,  for  the  purposes  of  classification,  attach  much  importance  to  this  fact. 
Olivine  is  an  unstable  mineral  and  one  of  the  first  to  succumb  to  aqueous  or 
hydro-thermal  agencies ;  the  rock  contains  secondary  products  that  commonly 
result  from  the  decomposition  of  olivine ;  whilst  the  high  specific  gravity  of  the 
rock  indicates  that  it  belongs  to  the  basic  class. 

Of  the  unporphyritic  and  compact  traps  described  in  the  preceding  pages, 
the  microscope  shows  that  Nos.  1  and  2  are  altered  basalts  approximating  to 
diabase.  These  specimens  probably  represent  dykes  of  volcanic  matter,  injected, 
at  some  pressure,  into  rents  in  the  accumulated  lava,  rather  than  surface  flows. 
The  rest  of  the  specimens  of  compact  trap  examined  exhibit  a  considerable 
change  of  type  as  compared  with  the  volcanic  rocks  south  of  Dalhonsie.  As  a 
whole  they  are  more  felspathic  in  character,  so  much  so  that  I  have  classed 
Nos.  6  to  9  as  felsites.  Hornblende  makes  its  appearance,  and  in  some  speci- 
mens it  forms,  with  triclinic  felspar,  the  predominating  mineral.  I  have  classed 
these  as  andesites  and  hornblende  andesites.  Some  of  these  rocks,  as  for  instance 
No.  24,  are  quite  typical  lavas. 

Another  interesting  feature  brought  out  by  the  examination  of  the  specimens 
described  in  Part  II  of  this  paper  is,  that  there  seems  reason  to  regard  those  from 
Tiloga,  near  the  south-east  termination  of  the  northern  outcrop,  and  those  from 
Bholu,  near  the  north- west  commencement  of  the  southern  outcrop,  as  altered 
ashes. 

This  would  seem  to  favour  the  view  that  the  outcrop  to  the  north  of  tbe 
oarbo-triassio  series  belongs  to  an  eruption  distinct  from  that  which  supplied  the 
lava  to  the  south  of  that  series  ;  ashes  taking  the  place  of  lava  along  the  skirts  of 
the  pre-carbo-triassic  volcanoes. 

'  Lydekker's  K^hmir,  pp.  221  and  218. 
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If  the  Tiloga  and  Bholu  beds  are,  as  I  take  them  to  be,  altered  tufPs,  this 
conclusion  will  help  us  to  understand  doubtful  rocks  in  other  localities  and 
confirm  the  inference  already  arrived  at  regarding  some  Kashmir  traps.^  This 
determination,  moreover,  supports  the  view  advanced  by  Mr,  Lydekker  in  his 
Memoir  on  Kashmir,^  that  the  volcanic  rocks  of  the  North-Westem  Himalayas 
were  derived  from  true  volcanoes,  and  do  not  belong  to  the  type  of  ''  fissure 
eruptions." 

The  supposed  absence  of  ash-beds,  I  apprehend,  was  one  of  the  reasons  which 
prevented  some  early  observers  from  recognizing  the  volcanic  character  of  the 
traps  of  the  North- Western  Himalayas  and  Kashmir  ;  but  considering  the  age 
of  the^e  beds,  it  is  not  surprising  that  fine-grained  tuffs  have  been  altered  almost 
out  of  recognition. 

Another  point  in  the  microscopic  examination  of  the  specimens  described  in 

the  preceding  pages,  which  has  interested  me,  is  the  connecting  link  which  the 

homhlende  andesites,  and  the  altered  tuffs,  seem  to  supply  between  the  palssozoic 

volcanic  products  and  the  hornblende  rocks,  and  hornblende  schists,  of  the  Satlej 

*  vaUey. 

In  the  andesite  lavas  and  tuffs  described  in  these  pages,  we  see  the  augitio 
element)  so  prominent  in  the  lavas  south  of  Dalhousie,  and  in  those  of  Mandi, 
disappearing,  and  hornblende  taking  its  place.  Quartz,  probably,  in  this  case,  a 
product  of  the  decomposition  of  felspar,  begins  to  appear ;  the  tuff  No.  21  has 
a  finely  laminated  structure  favourable  to  its  conversion  into  a  schist ;  and  I  think 
we  see  in  some  of  these  hornblende  andesites,  and  in  the  tuffs,  the  beginnings  of 
metamorphic  changes  which  were  probably  carried  further  in  the  Satlej  area,  the 
seat  of  extreme  metamorphic  action,  and  resulted  in  the  conversion  of  similar 
volcanic  products  into  the  hornblende  rocks  and  hornblende  schists  found  there. 

I  need  say  no  more  on  this  subject  here,  aa  the  microscopic  structure  of  some 
of  the  Satlej  rocks  will  form  the  subject  of  a  future  paper.  I  need  only 
add  that  I  do  not  intend  to  imply,  by  the  above  remarks,  that  all  the  horn- 
blende bearing  rocks  of  the  Satlej  valley  are  volcanic  products.  Some  of  the 
Satlej  vaUey  rocks  are  doubtless  diorites  and  cannot  therefore  be  supposed 
to  have  actually  flowed  out  on  the  surface  as  lava,  though '  they  were  probably 
connected  with  volcanic  action. 

PART  III. 

OBNBBAL  OBSERVATIONS  OK  THE  STRATIGRAPHY  AND  FBTROLOOY  OF  THE 

DALHOUSIE  AREA. 

Owing  to  my  approaching  departure  from  India,  this  will  probably  be  the  last 
paper  on  the  geology  of  the  Dalhousie  region  that  I  shall  have  an  opportunity  of 
writing  for  the  Records ;  it  may  be  well,  therefore,  to  state  how  far  the  views 
expressed  in  my  first  communications  have  been  modified  by  further  experience 
and  observation  in  the  field,  and  by  the  detailed  study  of  thin  slices  of  rocks 
under  the  microscope. 

■  Memoirs,  Geol  Surv.,  Vol.  XXII,  pp.  218,  2il.  >  Ihid,  p.  222. 
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In  mj  first  paper  I  gave  expression  to  the  opinion  that  the  limestone-heds 
south  of  Dainkund  were  of  carboniferoos  age,  and  that  they  formed  a  normal 
sequence  from  the  altered  basalts  upwards.  I  now  think  that  these  beds,  as 
suggested  by  Mr.  Lydekker  in  his  interesting  memoir  on  '*  The  (Geology  of  the 
Kashmir  and  Chamba  Territories,"  have  been  thrown  into  a  compressed  fold. 

The  hypothesis  of  a  compressed  synclinal  flexure  accounts  better  than  the 
explanation  previously  adopted  for  the  fact  noted  in  my  first  paper,  that  notwith- 
standing the  typical  development  of  black  infra-Krol  rocks  along  the  eastern  border 
of  the  outcrop,  some  dark  slaty  rocks  occur  at  one  point  on  its  western  boundary. 

This  hypothesis,  moreover,  has  the  advantage  of  bringing  the  stratigraphy  of 
'the  limestone  series  south  of  Dainkund  into  harmony  with  that  of  the  limestone 
outcrop  north  of  that  ridge.  In  both,  the  trap  (see  section  B,)  occurs  along 
the  western  margin  of  the  limestones,  and  is  absent  on  the  eastern  border.  In 
both  cases  the  explanation  now  offered  is  the  same  ;  namely,  that  a  compressed  fold 
in  the  rooks  (the  limestones  being  thrown  into  a  syncline)  resulted  in  a  fault,  the 
trap  being  cut  off  by  the  fault. 

It  is  to  be  noted  that  the  dark  carbonaceous  infra- Krol  rocks  visible  in  the^ 
limestone  outcrop  south  of  Dainkund  are  absent  from  the  outcrop  north  of  the 
R&vi,  but  this  may  probably  be  owing  to  the  latter  having  been  laid  down  in 
deeper  water  further  from  the  shore. 

1  am  unable  to  accept  some  other  suggestions  which  Mr.  Lydekker  has  made 
in  his  memoir.  Mr.  Lydekker  never  visited  the  Ghamba  area,  and  his  suggestions 
were  based  principally  on  observations  recorded  in  my  papers  published  up  to 
that  date,  and  I  think  it  will  suffice  to  state  briefly  in  the  following  pages  the 
conclusions  at  which  I  have  finally  arrived. 

When  I  wrote  my  first  paper  on  the  geology  of  Dalhousie  I  had  not  studied 
thin  slices  of*  the  Dainkund  granite  under  the  microscope,^  and  I  had  to  make 
the  best  I  could  of  the  facts  known  up  to  that  date.  I  had  no  wish  to  strain  or  go 
beyond  my  facts.  I  had  evidence  of  intrusion,  on  the  one  hand,  and  of  distinct 
foliation,  on  the  other,  and  it  was  necessary  that  any  explanation  I  had  to  offer 
should  harmonize  these  opposing  facts.  ^*  The  explanation  that  satisfies  my 
ntiind  most,'*  I  wrote  (Records,  XV,  p.  47^,  '*  is  that  the  intense  metamorphism 
of  the  '  central  gneiss '  has  been  principally  produced  by  granitic  intrusion  at  a 
great  depth  below  the  surface ;  and  that  the  perfectly  granitic  portion  is  tlie 
intrusive  granite  itself."  After  discussing  instances  of  volcanoes  bursting  through 
gneissic  beds,  I  added  that  I  could  *'  see  no  reason  why  what  took  place  near  the 
surface  at  Auvergne  may  not  have  taken  place  in  other  localities  at  a  greater 
depth  below  the  surface  ;*'  and  added  further  on,  "I  can  therefore  readily  imagine 
that  under  the  conditions  described  a  blending  together  of  the  granite  and  the 
gneiss  would  result,  and  that  the  latter  would,  for  some  distance  from  its  contact 
with  the  granite,  partake  of  its  mineral  character." 

This  view  has  been  accepted  and  adopted  by  Mr.  Lydekker  in  his  noiemoir. 
Now  however  that  the  microscope  has  thrown  so  much  new  light  on  the  subject, 

^  Owing  to  the  pressure  of  officlnl  work  I  Bhoald  have  been  obliged  to  postpone  mj  first  p^per 
for  a  yery  long  time  had  I  waited  to  complete  a  microscopic  study  of  all  the  Dtilhousie  rocks  before 
writing  it. 
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I  am  nnable  to  confine  myself  to  a  view,  which,  thongh  it  went  as  far  as  mj  facta 
would  carry  me  in  1881,  seems,  in  view  of  the  new  facts  brought  to  light,  to  only 
express  half  the  truth. 

The  microscope  has  shown  that  not  only  the  gneissose  granite  of  the  Dhula« 
dh^r,  but  the  foliated  beds  in  the  R&vi  valley  and  the  outer  band  at  Dalhousie, 
give  evidence  of  having  been,  at  one  stage  in  their  history,  reduced  to  a  plastic 
condition  by  aqueo-igneous  fusion,  and  exhibit  fluxion  structure,  namely,  evidence 
of  motion.  Moreover,  the  numerous  specimens  taken  from  various  distant  points 
in  the  localities  indicated  above,  however  much  they  may  differ  from  each  other 
in  macroscopic  aspect,  present  under  the  microscope  absolutely  no  difference  in 
composition  or  structure. 

There  is  thus  a  cogent  argument  for  concluding  that  if  portions  of  the  crys- 
talline rocks  of  the  Dalhousie  area  are  of  eruptive  origin,  the  whole  of  them 
are  granites. 

It  would  indeed  be  strange  if  metamorphic  schists  and  gneiss  of  archflaan 
age  80  exactly  resembled  comparitively  modem  eruptive  granite  that  the  micros- 
cope could  detect  no  difference  whatever  between  them  either  in  composition  or 
internal  structure.  This  would  be  all  the  more  remarkable,  as  the  Dalhousie 
rocks  do  not,  by  any  means,  belong  to  a  common  type  of  rock,  but,  on  the  con- 
trary, have  special  peculiarities  of  their  own.  When  we  see  these  special  pecu- 
liarities permeate  all  the  granitoid  rocks  in  the  same  locality,  the  most  natural 
inference  to  form  regarding  them  is  that  they  have  had  a  common  origin. 

The  Dainkund  gneissose  granite  has  been  shown  to  have  exercised  a  metamor- 
phosing action  on  the  rocks  in  contact  with  it ;  veins  of  it  intrude  into  the  slates 
and  siHcious  rocks  on  both  margins ;  ^  the  gneissose  granite  contains  veins 
similar  to  those  caused  by  shrinkage  on  cooling  in  granites  of  admittedly  erup- 
tive origin ;  whilst  it  also  contains  inclusions  of  slates  and  schists  imbedded  in 
it,  which  are  vrithout  reasonable  doubt  true  slates  and  schists,  and  not  the  pro- 
dacts  of  segregation ;  and  these  inclusions  are  met  with  not  only  along  the  line 
of  contact  with  the  sedimentary  beds,  but  at  least  half  a  mile  away  from  them. 

A  granitic  mass  that  presents  the  above  features  must,  I  think,  b^  considered 
an  eruptive  rock.  The  mere  fact,  taken  alone,  that  portions  of  this  mass  display 
a  tendency,  more  or  less  pronounced,  to  assume  a  parallelism  in  the  arraugement 
of  its  crystals,  is  not,  in  itself,  sufficient  to  support  the  theory  that  the  foliated 
portions  are  of  metamorphic  origin,  or  to  support  the  further  assumption  that 
has  been  made,  that  these  portions  are  of  pre-cambrian  age. 

The  presence  of  parallelism  of  structure  in  some  trachytes  was  demonstrated 
long  ago  by  Naumaun  and  Scrope,  whilst  the  existence  of  gneissose  granite,  and 
the  eruptive  character  of  such  foliated  rocks  as  leptynite  (granulite),  is  now 
admitted  by  many  leading  geologists,  and  gneiss-granite  or  gneissose  granite  has 
become  a  recognized  geological  term. 

"  It  was  formerly  considered,"  writes  Bemhard  von  Cotta,"  "  that  all  gneiss 
was  of  metamorphic  origin,  but  it  has  of  late  years  been  established  beyond  a 

*  I  have  observed,  bat  not  heretofore  noted,  one  on  the  Chamba  side  of  the  Cho^rt  Pau. 
'  English  Edition  by  Lawrence;  new  Edition,  p.  225. 


104  Rtscords  of  the  Qeological  Surnejf  of  India,  [vol.  xviii. 

doubt  that  many  kinds  of  gneiss  are  irmptive,  and  some  geologists  have  gone  so 
far  afi  to  regard  all  gneiss  as  of  igneoos  origin." 

If  trachyte,  a  rock  that  has  flowed  oat  on  the  surface  of  the  earth's  omst^  has 
in  so^e  instances  been  known  to  assume  a  *' striped  "  and  foliated  appearance 
how  mnch  more  maj  we  not  expect  to  find  a  parallelism  of  structure  in  acid  rocks 
forced  through  the  walls  of  a  fault  in  a  viscid  and  partially  cooled  state  under 
conditions  of  great  pressure  and  strain  P 

Naumann  ^  refers,  among  other  instances,  to  a  trachytic  lava  observed  by  HofP- 
mann  in  a  crater  in  the  Island  of  Pantellaria,  "  which  throughout  has  a  foliated 
texture  resembling  gneiss,  and  occurs  in  beds  that  dip  regularly  outwards  from 
the  centre  of  the  island  ;  and  he  refers  to  the  observations  of  Darwin  to  the  effect 
that  *'  a  volcanic  rock "  in  the  Island  of  Ascension  has  **  a  perfect  gneiss-like 
texture  and  structure,  the  alternate  layers  of  the  component  parts  being  extremely 
fine,  and  extending  parallel  to  the  direction  of  the  lava  stream.*' 

Another  observation  of  Darwin  alluded  to  by  Naumann  in  his  paper  is  so 
apposite  to  the  case  of  the  Dalhousie  crystallines  that  it  is  worth  quoting. 
"  Darwin  informs  us,"  writes  Naumann,  '*  that  in  the  Cordillera  of  Chili,  great 
beds  of  red  granite  occur,  which  must  be  viewed  as  an  eruptive  rock ;  but  that 
it  nevertheless  exhibits,  in  parts,  a  decidedly  parallel  structure." 

If  the  existence  of  a  gneissose  granite  in  the  Dalhousie,  Satlej  and  Chor  areas 
be  admitted — and  my  microscopical  investigations  have  led  me  to  this  conclusion 
in  respect  of  the  crystalline  granitoid  rocks  of  those  areas — I  see  no  reason  why 
very  similar  rocks  in  other  parts  of  the  North. Western  Himalayas  heretofore  called 
*'  central  gneiss,"  and  ''  granitoid  gneiss  "  should  not  be  written  down  as  gneissose 
granite  also,  unless,  and  until,  their  original  sedimentary  origin  and  archaoan  age 
be  proved. 

For  instance,  the  description  by  Mr.  Wynne  of  the  Hazdra  gneiss  (quoted  by 
Mr.  Lydekker  at  p.  103  of  his  memoir) ;  its  completely  crystalline  porphyritic 
and  granitoid  character;  its  behaviour  in  relation  to  the  schists  that  border  it; 
its  intrusion  *'  in  dykes  an(^  veins  "  into  those  schists  along  the  margin  of  contact, 
so  exactly  resembles  the  Dainkund  and  Chor  rocks  that  Mr.  Wynne's  description 
of  the  Hazdra  gneiss  might  be  read  as  a  graphic  and  perfect  description  of  the 
Dainkund  and  Chor  gneissose  granite. 

The  conclusion  that  much,  if  not  all,  of  what  has  been  called  ''  central  gneiss" 
and  *'  granitoid  gneiss  "  is  really  an  eruptive  rock,  removes  many  difficulties  from 
the  way  of  the  Himalayan  geologist.  "  Despite  the  wonders  performed  by  flexure 
of  strata  in  mountain  regions,"  wrote  Mr.  Medlicott  in  his  annual  report  for 
1883,^  '*  the  structural  features  presented  by  this  rock  in  certain  cases  were  im- 
possible of  satisfactory  explanation  on  the  supposition  of  its  being  really  stratified 
gneiss.  The  Chor  mountain  in  the  Simla  region  and  the  end  of  the  Dhuladhiir 
ridge  at  Dalhousie  are  instances." 

Other  examples  of  difficulties  capable  of  removal  may  be  culled  from  Mr. 
Lydekker's  memoir  on  E^ashmir.     Lenticular  or  ellipsoidal  masses  of  gneiss  are 

'  On  the  probable  ernpiive  origin  of  seyeral  kinds  of  gneiss  and  gneifis-granite.  Q.  J.  G.  8., 
Vol.  IV,  1848. 

*  Kecorda,  XVII,  p.  3. 
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described  as  occurring  in  the  midst  of  the  Silurian  slates  (pp.  231,  255)  ;  the 
passage  from  the  slates  to  the  gneiss  appeal's  to  be  generally  gradual  and  imper- 
ceptible (pp.  255,  258,  and  260)  ;  but  at  p.  250  we  are  told  that  ''  the  lower  part 
of  the  system  "  (  viar.,  the  Panjal,  which  Mr.  Lydekker  at  p.  47  correlates  with 
the  Silurian  and  Cambrian  (?)  systems)  "  next  the  underlying  gneiss,  may  appa- 
rently consist  either  of  mica  schists,  or  of  little  altered  slates,  which  would  seem 
to  be  difficult  to  distinguish  from  the  higher  Simla  slates.  Finally  it  appears 
that  there  is  generally  a  gradual  passage  from  the  lower  beds  of  the  system  into 
foliated,  and  then  into  gi*anitoid  gneiss,  but  that  there  are  instances  where 
the  junction  is  somewhat  sudden."  Or,  in  other  words,  there  is  occasionally 
a  sudden  passage  from  comparatively  unaltered  slates,  undistinguishable  fi*om 
beds  supposed  to  be  of  middle  silui*ian  age,  to  a  perfectly  crystalline  granitoid 
rock. 

Sometimes  the  gneiss  appeai*s  to  come  in  above  the  upper  Silurian  or  lower 
carboniferous  traps  (p.  230)  ;  and  at  other  times  next  the  upper  silurian  conglo- 
merates (p.  290).  Some  of  the  gneiss  is  considered  to  lie  of  pre-cambrian  age 
(pp.  235,  265)  ;  some  to  be  metamorphosed  beds  of  middle  silurian  age  (p.  251)  ; 
and  some  to  be  the  altered  equivalents  of  rocks  higher  than  the  Panjals  (p.  265), 
namely,  of  more  recent  age  than  the  silurian  system. 

Mr.  Lydekker  does  not  indicate  any  mode  of  distinguishing  between  the 
eruptive  granites  and  the  granitoid  metamorphic  rocks  on  the  one  hand,  or 
between  the  pre-carabrian,  silurian  and  younger  gneisses  on  the  other. 

Some  of  our  leading  geologists,  who  have  given  special  attention  to  archssan 
rocks,  would,  I  think,  be  indisposed  to  believe  in  the  existence  of  thoroughly 
crystalline  granitoid  metamorpliic  rocks  of  such  diverse  ages  as  those  stated 
above,  in  the  same  mountain  region ;  and  they  would  probably  suggest  the  intro- 
duction of  a  number  of  faults  to  account  for  the  eiTatic  appearance  of  a  thoroughly 
crystalline  granitoid  gneiss  sometimes  at  the  bottom,  sometimes  in  the  middle, 
sometimes  at  the  top  of  the  silurian  series,  and  sometimes  in  younger  beds ;  and 
to  account  for  the  juxtaposition  of  compai'atively  unaltered  slates  and  crystalline 
rocks  in  the  last  stage  of  extreme  metamorphism. 

I  do  not  understand  that  Mr.  Lydekker  has  resorted  to  an  elaborate  system 
of  faulting  to  explain  the  facts  noted  above,  but  on  the  contnxiy  that  he  believes 
his  metamorphic  gneisses  to  belong  to  **  more  than  one  gelogical  period  "  (p.  265). 

For  my  own  part,  as  I  hold  that  there  is  sufficient  evidence  to  justify  the  belief 
that  the  cryst«rlline  granitoid  rocks  of  Dalhousie,  of  the  Satlej  valley,  and  of  the 
Chor  mountain,  are  eruptive  granites,  I  would  account  for  the  cases  noted  above, 
and  similar  ones,  by  applying  to  them  the  explanation  which  has  solved  even 
greater  difficulties  in  the  Dalhousie  and  Ohor  areas. 

If  eruptions  of  gncissose  granite  on  so  grand  a  scale  occurred  along  the 
DhuladhAr,  the  Chor,  and  in  the  Satlej  valley  region,  it  is  only  natural  to  expect 
that  simiLxr  eruptions  occurred  in  other  parts  of  the  North- Western  Himalayas  ; 
and  this  expectation  becomes  almost  a  certainty  when  we  find  a  crystalline 
granitoid  rock  undistinguishable  from  the  gneissose  granite  of  Dalhousie,  and  of 
the  Chor,  presenting  itself  in  different  horizons  amongst  the  silurian  and  younger 
rocks.     If  the  gneissose  granite  is  really  an  eruptive  I'ock,  this  is  just  what  we 
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should  expect  to  find ;  indeed,  if  it  never  cropped  ont  except  along  the  same  hori- 
zon, there  might  be  some  ground  for  regarding  it  as  a  metamorphic  rock.  But 
when  we  find  a  crystalline  granitoid  rock  preserving  its  identity  of  character  over 
very  extensive  areas,  and  yet  croppins^  ont  along  widely  different  horizons  in  rocks 
"of  more  than  one  geological  period,"  it  seems  to  me  that  the  grounds  for 
claiming  it  as  a  metamorphic  rock  are  slender  indeed. 

On  the  assxunption  that  it  is  an  eruptive  rock  the  difficult!  s  I  have  indicated 
above  disappear.  We  no  longer  wonder  with  Mr.  Lydekker  why  no  case  of  the 
overlap  of  the  "central  gneiss"  by  the  silurian  series  has  ever  been  discovered 
(p.  302)  ;  and  we  at  once  understand  why  granitoid  rocks  are  found  along  widely 
different  horizons,  and  why,  in  some  cases,  there  is  an  apparent  transition  from 
the  sedimentary  series  to  the  crystalline  rock,  and  why,  at  others,  there  is  an 
abrupt  passagie  from  the  latter  to  comparatively  unaltered  slates.  Where  the 
goeissose  granite  was  erupted  among  lower  silurian  or  cambrian  (?)  beds  that 
had  already  been  subjected  to  more  or  less  regional  metamorphism,  and  on  which 
it  would  produce  some  contact  metamorphism,  an  appearance  of  gradual  transi- 
tion would  naturally  be  the  result ;  where,  on  the  other  hand,  the  partially  cooled 
gneiasose  granite  was  erupted  along  a  fault  and  in  contact  with  unaltered  slates, 
the  contact  action  would  not  be  sufficiently  intense,  or  extend  far  enough,  to  create 
an  appearance  of  gradual  transition,  and  the  result  would  be,  as  at  Dalhousie,  a 
sudden  passage  from  slates  to  gneissose  granite. 

I  now  pass  on  to  offer  some  Remarks  in  explanation  of  the  diagrammatic 
sections  attached  to  this  paper  (Plate). 

Section  I  has  been  taken  (see  map  attached  to  this  paper)  through  Dainkund 
and  Tisa  to  the  S^h  pass. 

The  tertiary  series  does  not  come  within  the  scope  of  this  paper,  and  the 
stratigraphy  of  the  trap  and  the  carbo-triassic  series  has  already  been  discussed 
in  the  preceding  pages.  I  pass  on  to  the  silurian  series.  Along  the  action  under 
consideration,  the  silurian  beds,  on  both  sides  of  Dainkund,  are  in  normal  se- 
quence. On  the  north-east  of  Dainkund  we  have  the  upper  silurian  conglomerates 
followed  by  typical  Simla  slates  which  pass  into  fine-grained  silicious  schistose 
beds.  On  the  south-west  of  Dainkund,  we  have  slates  followed  by  fine-grained 
silicious  schistose  beds  passing  into  mica  schists.  The  silurian  beds  were  thrown 
by  lateral  pressure  into  folds,  as  indicated  by  the  dotted  lines,  and  squeezed  to- 
gether until  a  fault  was  produced  at  Dainkund,  and  another  further  to  the  south- 
west, and  a  uniform  dip  in  one  direction  was  given  to  the  beds.  The  gneissose 
granite  rose  along  the  line  of  fracture  at  Dainkund,  and  the  "  outer  band  **  also 
forced  its  way  through  the  more  westerly  fault  between  the  carbo-triassic  and  the 
lower  silurian  beds.  The  upper  silurian  conglomerates,  which  to  the  north-east 
of  Dainkund  were  thrown  into  a  compressed  isocline,  were  to  the  south-west  of 
Dainkund  squeezed  out  in  the  flexures  in  which  the  silurian  beds  were  involved. 
To  the  north-east  of  the  river  Rdvi,  the  upper  silui-ian  conglomerate  has  been 
thrown  into  compressed  isoclines,  the  carbo-tnassic  limestones  being  caught  up 
in  a  synclinal  fold  between  the  two  isoclinal  outcrops  of  the  conglomerate.  A 
synclinal  flexure  brings  out  the  silurian  beds  after  the  conglomerates.  The 
Simla  slates  have  disappeared  in  this  section,  their  place  next  the  conglomerates 
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below  Tikri '  being  taken  by  micaceoas  Bcbistose  rocks  tbat  orumble  to  a  wbitisb 
Boapj  powder,  indicative  doubtless  of  the  presence  of  a  hjdro-mica.  The  slates 
here  maj  either  have  been  more  highlj  metamorphosed  than  those  at  Dalhousie, 
or  thej  maj  have  been  squeezed  out  by  local  flexure  and  faulting. 

Continuing  from  Tikri  along  section  A  in  a  north-easterly  direction  the  soapy 
schistose  rocks  are  followed  *  by  fine-grained  quartz  schists,  mica  schists,  and  slaty 
mica  schists  occasionally  passing  locally  into  micaceous  slates,  and  these  rocks 
continue  to  near  the  top  of  the  Sdch  pass. 

A  south-westerly  dip  is  set  up  in  the  outcrop  of  the  conglomerates  on  th^ 
northern  side  of  the  limestones,  and  it  becomes  pronounced  at  the  stream  under 
Tikri ;  beyond  this  the  dip  rapidly  flattens  and  becomes  wavy  until  the  top  of  the 
Sach  pass  is  neared,  when  a  high  south-east  dip  is  resumed.  This  i*apidly 
becomes  perpendicular,  and  ultimately,  on  the  north-east  side  of  the  pass,  the 
conglomerates  dip  under  older  Silurian  beds. 

Section  II,  through  Dainkund,  Hulh,  and  Ch&nju,  differs  in  some  important 
particulars  from  section  A.  As  described  in  Part  I  of  this  paper,  a  band  of  trap 
crops  out  along  the  south-western  border  of  the  carbo-triassic  limestones,  and 
the  latter  are  followed  by  silurian  beds.  In  both  these  respects,  if  we  leave  the 
enter  band  of  gneissose  granite  out  of  consideration,  the  section  north-east  of  the 
R^vi  agrees  with  that  south-west  of  Dainkund,  and  another  fault  must  be  brought 
into  explain  the  contiguity  of  the  carbo-triassic  limestones  v^ith  silurian  beds 
somewhat  low  in  the  series,  and  the  disappearance  of  the  trap  and  conglomerates. 
A  glance  at  section  B  will,  I  think,  show  that  the  relations  of  the  several  series  to 
each  other  are  not  to  be  explained  without  putting  a  fault  on  the  north-east 
border  of  the  limestones.  From  the  limestones  down  to  the  gneissose  granite  the 
several  series  are  in  normal  sequence ;  the  carbo-triassics  are  followed  by  infra- 
carboniferous  trap  ;  then  comes  the  upper  silurian  conglomerate  which,  in  its 
tnm,  is  succeeded  by  Simla-slates  and  then  silurian  beds  lower  in  the  series. 
A  synclinal  fold  would  bring  up  the  trap  and  the  conglomerates  again  to  the 
north-east  of  the  limestones,  as  in   section  A,   but  the  flexure  having  resulted 
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in  a  fault,  the  trap  and  the  conglomerates  have  disappeared. 

This  section  is,  I  think,  an  instructive  one,  and  will  help  to  remove  difficulties 
in  other  localities. 

In  the  Pir  Panj^l  range  the  conglomerates  occur  in  the  middle  of  the  slates 
(Memoir,  p.  241),  and  Mr.  Lydekker,  in  view  of  this  fact,  thought  that  "  it  caimot 
be  taken  as  certain  that  all  the  conglomerates  of  the  Kashmir  valley  correspond 
to  the  Blaini  conglomerate."  And  again  at  p.  249  the  author  writes,  ''  they 
8&em  further  to  indicate  that  the  Blaini  conglomerate  of  the  Simla  district  may 
either  he  strongly  developed  at  the  top  of  the  series,  or  that  it  may  occur  less 
strongly  developed  among  the  slates  themselves."  And  again  at  p.  248,  '^  It  is 
noteworthy  that  these  rocks  "  [the  supra- Kuling  series]  '^  are  not  immediately 
underlain  by  the  Blaini  conglomerate,  showing  the  inconstancy  of  the  petrological 
characters  of  that  member  in  these  districts." 

This  apparent  inconstancy,  however,  is,  I  apprehend,  to  be  put  down  to  the 
oonntless  plications  in  which  the  Himalayan  rocks  have  been  involved ;  a  glance 

»  Records,  XVI,  89.        »  Records,  XIV,  307. 
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at  the  map  attached  to  this  paper  will  show  that  the  conglomerate,  which  sonth 
of  Himgiri  (Himgir)  is  in  contact  with  the  carbo-triassic  (supi-a-Kuling)  series, 
is  gradually  removed  to  a  distance  of  over  6  miles  from  it  in  the  Chanju  section 
bj  the  interposition  of  silurian  beds  lower  in  the  series. 

The  dip  of  the  carbo-triassic  limestones  in  the  Hulh  section  (sec-tion  II)  is 
north-east-bjr-north.  The  dip  of  the  Silurians  which  succeed  them  is  vertical,  but 
somewhat  curved  when  the  dip  can  be  traced  for  any  distance  down  the  mountain 
side.  A  north-east  dip  afterwards  sets  in  which  becomes  south-west  along  the 
crest  of  the  ridge.  It  wavera  from  noi*th-east  to  south-west  more  than  once,  and  at 
one  place  is  high  to  south,  but  under  Chanju  it  settles  down  to  south-south-west. 
A  section  drawn  through  Dihur  (Duire)  and  Himgiri  (see  map)  would  differ 
somewhat  from  those  already  described,  for  the  trap  here  crops  out  on  the  north- 
eastern border  of  the  carbo-triassic  series  instead  of  as  in  the  section  through 
Hulh,  on  the  south-western  border. 

A  study  of  the  Hulh  and  Dihur  trap  (see  Part  II  of  this  paper)  has  led  me  to 
the  conclusion  that  the  dying  out  of  the  trap  between  Dihur  and  Bailaum  (sec- 
tion A  through  Dainkund  and  Tisa)  is  owing  to  the  original  limitation  in  the  area 
of  deposition. 

On  a  first  inspection  of  the  Bhandal-Dihur  area  I  suggested  (Records,  XVI, 
41)  that  the  fact  that  "  the  trap  does  not  occur  between  the  carbo-triassio  series 
and  the  upper-silurian  conglomerate,  on  both  sides  of  the  limestone  outcrop,  may 
I  think  be  explained  by  the  hypothesis  of  a  fault  between  the  limestones  and  the 
southern  outcrop  of  the  conglomerate :"  and  I  expressed  the  opinion  "  that  we 
have  in  this  section  a  crushed  synclinal  fold,  with  a  fault  along  itd  axis,  the 
compression  of  the  folded  strata  having  been  great  enough  to  produce  a  general 
conformity  of  dip." 

I  think,  now  that  I  have  reviewed  the  stratigraphy  of  neighbouring  sections, 
that  there  i^  no  need  to  call  in  the  aid  of  a  fault  to  solve  the  problem  presented  to 
us,  and  that  it  may  be  satisfactorily  explained  without  one.  Section  V  (Plate) 
represents  a  section  drawn  through  Dihur  in  the  direction  of  Himgiri,  and  I\r 
and  III  sections  drawn  parallel  to  V  a  little  more  to  the  north-west.  The  folding 
of  the  strata  in  sections  III,  lY,  and  Y  is  the  same  as  that  in  section  I.  The 
explanation  in  all  is  that  offered  in  my  paper  quoted  above  ;  namely,  that  the  local 
strata  have  been  thrown  into  a  "  crushed  synclinal  fold."  On  both  sides  of  the 
limestones  the  conglomeriEites  have  been  bent  into  isoclines,  and  the  limestones  are 
caught  up  between  them  and  bent  into  a  crushed  syncline. 

In  I  the  trap  is  absent,  this  section  being  beyond  the  area  of  deposition. 
From  the  predominance  of  limestones,  and  the  absence  of  the  cai*bonaceous  ele- 
ment here,  it  seems  not  improbable  that  the  sea  was  comparatively  deep  in  this 
locality  at  the  end  of  the  silurian  period  when  the  volcanoes  were  in  an  active 
state. 

Section  Y  represents  the  tail  end  of  the  volcanic  deposition.  The  volcanic  beds 
are  thick  on  the  north-east  side  of  the  limestone  outcrop,  and  they  thin  out  to  the 
south-west. 

In  section  lY  we  are  further  within  the  area  of  volcanic  eruption,  but  we  are 
getting  nearer  the  bottom  of  the  synclinal  fold  that  is  conceraed  with  the  upper- 
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Silurian  conglomerates,  and  consequently  the  limestone  outcrop  (a  crushed  syn- 
cline)  is  getting  comparatively  shallow. 

At  III  we  have  an-ived  at  a  further  stage ;  the  limestones  have  been  squeezed 
out  of  the  section  ;  the  trap  is  doubled  up  upon  itself,  and  is  iu  contact  with  the 
conglomerate  on  both  sides. 

In  sections  I  and  II  I  have  represented  the  silurian  beds  between  the  outcrop 
of  the  carbo-triassic  beds  north  of  the  Bavi  and  Dainkund  as  forming  a  normal 
sequence,  whereas  in  Part  I  of  this  paper  I  have  suggested  that  in  the  Siul  river 
section  ^  ''  the  Simla  slates  are  folded  up  with  older  silurian  beds  in  compressed 
isochnal  flexures."  I  may  as  well  point  out  in  passing  that  there  is  no  confu- 
sion or  contradiction  in  these  statements.  A  comparison  of  the  diagrammatical 
section  I  with  section  II  will  show  that  even  along  the  same  line  of  strike  local 
details  change  rapidly  within  the  distances  of  a  few  miles.  Along  section  II  the 
Silurians  in  the  valley  of  the  Ravi  appear  to  have  escaped  complicated  flexions, 
whereas  in  the  valley  of  the  Siul,  in  the  same  strike,  they  appear  to  me  to  give 
evidence  of  having  been  involved  in  them. 

Indeed  the  area  near  the  junction  of  the  Siul  and  the  Kavi  appears  to  have 
l)een  a  region  of  special  strain.  Lower-silurian  beds  (decided  mica  schists)  extend 
from*  the  stream  between  Tipri  and  Seru  (Sairu)  to  the  outer  band  of  gneissose 
granite ;  whilst  in  the  Bliale  (Balai)  section  (see  antcy  Part  I)  the  slates  between 
the  inner  and  outer  bands  of  gneissose  granite  are  very  micaceous  and  at  Bhale 
are  decided  mica  schists.  In  section  I  through  Dainkund  the  upper-silurian 
conglomerates  have  disappeared  ;  whilst  in  the  valley  of  the  Ravi,  opposite  the 
month  of  Siul,  the  middle-silui*ians  (Simla  slates)  are  missing  as  well  as  the  con- 
glomerates. I  think  the  explanation  is  the  same  in  both  cases ;  namely,  that  the 
iipper-silnrians,  in  the  section  through  Dainkund,  and  the  upper  and  middle  Silu- 
rians, in  the  Siul-Rdvi  section,  have  been  squeezed  out  in  the  flexions  in  which 
the  strata  have  been  involved.  It  is  to  be  noted  that  in  the  Siul-Rdvi  section, 
where  both  the  upper  and  middle  Silurians  are  missing,  the  Dainkund  gneissose 
granite  has  reached  its  minimum  development,  being  reduced  to  a  narrow  band 
of  gnei.ssose  aspect,  a  fact  which  does  not  favour  the  hypothesis  of  the  "  absorp- 
tion "  of  the  missing  beds  by  the  rising  g^nite,  or  of  their  h&ving  been  meta- 
morphised  out  of  recognition  by  contact  action. 

I  note  in  passing  that  though  I  have,  for  the  sake  of  simplicity,  in  the  dia- 
grammatical  sections  I  and  II,  represented  the  upper-silurians  as  unbroken  beds 
of  conglomerate,  I  by  no  means  overlobk  the  possibility  that  they  may  contain 
slates  of  a  slightly  higher  or  lower  horizon.  The  plications  in  which  all  these 
rjjcks  have  been  involved  have  been  very  great,  whilst  fossil  evidence  is  nil.  The 
conglonaeritic  series  is  not  uniformly  conglomeritic,  and  therefore  the  probability 
of  other  beds,  slightly  higher  or  lower  than  the  conglomerates,  having  been  folded 
up  with  them,  is  very  great.  Further  observations  on  this  subject  will  be  found 
in  part  I  of  this  paper. 

I  desire  to  point  out,  in  conclusion,  that  the  inference  must  not  be  drawn  from 
any  remark  made  in  the  preceding  pages,  that  I  deny  the  existence  of  true  meta- 
morphic  gneiss  in  the  North-Westem   Himalayas.     In  a   recent  paper  I  have 

^  The  Sial  runs  under  Uhnle  (Balni)  Kiui  Manjere. 
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distinctly  indicated  mj  belief  that  some  of  the  crystalline  rocks  in  the  North- 
Western  Himalayas  are  metamorphic  gneisses,^  and  the  fact  will  be  definitely 
asserted  in  a  paper  on  the  section  from  Simla  to  Wangtu  that  will  appear  in  a 
future  number  of  the  Records ;  but  I  think  it  would  be  a  grave  error  of  judgment 
were  we  to  allow  the  presence  of  metamorphic  rocks  of  this  character  in  tho 
Himalayan  area,  to  blind  our  eyes  to  what  appear  to  me  to  be  the  leading  facte  in 
the  past  history  of  he  Himalayas;  namely,  that  volcanic  eruptions  on  a  large  scale 
in  upper-silurian  and  lower  carboniferous  times  were  followed  by  a  gradual  sub- 
sidence of  the  Himalayan  area  which  lasted  through  several  geological  ages.  A 
period  of  elevation  which  has  not  yet  terminated,  then  set  in,  during  which  the 
strata,  that  had  accumulated  during  the  period  of  subsidence,  were  crumpled  and 
compressed  to  an  enormous  extent ;  the  period  of  elevation  being  marked  by  a  re- 
kindling of  the  volcanic  fires,  the  gneissose  granite  of  the  North- Western  Hima- 
layas misnamed  '*  central  gneiss  *'  constituting  the  deep-seated  portions  of  com- 
paratively modem  eruptive  rocks.  In  short,  the  past  geological  histoiy  of  the 
Himalayas  is  inseparably  connected  with  volcanic  activity. 


Memorandum  on  the  probability  of  obtaining  water  by  means  of  Artesian  Wells 
in  the  plains  of  Upper  India,  by  B.  D.  Oldham,  A.B.S.M.,  Geological  Survey 
of  Lidia,* 

In  the  broad  plains  of  Upper  India  the  need  of  fl.n  abundant  supply  of  pure 
water  must  always  be  felt,  and  it  is  consequently  not  surprising  that  in  the  search 
for  it  borings  have  been  sunk  to  greater  depths  and  prosecuted  with  greater 
ardour  than  any  that  have  been  sunk  in  the  search  for  coal.  Of  the  many  papers 
and  reports  bearing  on  this  question,  I  do  not  propose  to  discuss  more  than  the 
one  published  by  Mr.  Medlicott,*  where  the  possibility  of  making  a  successful 
artesian  well  is  discussed  on  the  not  unnatural  assumption  that  there  is  a  conti- 
nuous zone  of  gravel  and  sand  deposits,  comparable  to  those  of  the  hhdbar, 
separating  the  clay  deposits  of  the  alluvium  from  the  rock  below. 

2.  In  the  case  of  alluvial  deposits,  such  as  those  of  the  rivers  of  the  Indian 
peninsula,  which  have  been  formed  as  the  land  gradually  sunk,  a  zone  of  coarse 
deposit  will  be  found  lying  immediately  upon  the  rock ;  but  with  the  Gangetic 
alluvium  the  conditions  are  different,  inasmuch  as  we  have  ample  reasons  for 
believing  that  the  Himalayas  were  raised  pari  passu  with  the  depression  6f  the 
plains ;  and  in  this  memorandum  I  propose  to  enquire  how  this  would  affect 
the  assumption  made  by  Mr.  Medlicott  in  his  memorandum  already  referred  to. 

3.  Many  different  theories  of  mountain  formation  have  been  propounded  at 
various  times  and  by  various  authors^  the  latest  of  which  is  that  of  the  Rev.  0. 
Fisher,  which  demands  that  flanking  every  mountain  range  subject  to  denudation 
there  should  be  a  corresponding  depression  in  which  deposition  is  taking  place, 
that  the  depression  should  extend  by  encroaching  on  the  land  separated  by  it 

^  Records.  XVII,  pp.  60  and  70. 
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from  the  moimtain  range,  and  that  at  the  same  time  the  deposits  formed  on  the 
skirts  of  the  mountain  range  should  be  gradually  elevated  and  exposed  to 
denudation.  To  take  the  case  of  the  Himalayas,  the  mountain  range  would  at 
first  be  small,  and  the  corresponding  depression  also  small ;  but,  as  the  elevation 
of  the  Himalayas  proceeded  and  the  Qimgetic  depression  increased  in  depth  and 
width,  the  deposits  formed  along  the  foot  of  the  hills  would  be  disturbed, 
elevated,  exposed  to  denudation,  and  form  an  integral  portion  of  the  Himalayan 
range ;  this  encroachment  of  the  hills  on  the  plains  would,  however,  be  more  than 
balanced  by  the  encroachment  of  those  on  the  land  to  the  south,  so  that  as  the 
Himalayas  increased  in  height,  the  Oangetic  plains  increased  in  width  and  the 
alluvium  of  whicluthey  are  composed  in  thickness.  Mr.  Fisher  has  not  followed 
up  his  theory  beyond  the  growing  stage  of  a  mountain  range ;  but,  however  inter- 
esting it  might  be  to  be  able  to  prophecy  the  decay  and  extinction  of  the  Hima- 
layas and  the  plains  of  Hindustan  alike,  it  would  have  no  practical  bearing  on 
the  question  I  am  now  considering,  and  I  shall  confine  myself  to  enquiring  whether 
the  known  facts  fit  in  with  Mr.  Fisher's  theoiy  as  far  as  he  has  carried  it  andi 
secondly,  how,  if  true,  it  will  affect  Mr.  Medlicott's  fundamental  assumption. 

4.  In  the  first  place,  are  there  any  indications  that  the  alluvial  deposits  extend- 
ed further  north  than  they  now  do  ?  Most  certainly  there  are  ;  for  there  can  be 
no  reasonable  doubt  that  the  Siwalik  beds  were  the  hhdbar  deposits  of  their  day, 
and  that  the  ground  they  now  occupy  must  have  formed  the  northern  margin  of 
the  Gcmgetic  plain.  But  this  does  not  sum  up  the  whole  of  the  matter ;  in  every 
section  of  the  Siwalik  that  has  been  examined  we  find  at  the  base  beds  in  which 
clays  preponderate,  and  above  these  comes  a  great  thickness  of  sandstone  which 
passes  upwards  into  conglomerate. 

5.  At  the  present  day  there  are  everywhere  along  the  foot  of  the  hills  g^eat 
hanks  of  shingle  formed  by  the  streams  whose  velocity  is  checked  as  they  issue 
from  the  hills,  below  the  shingle  come  great  stretches  of  sand,  and  beyond  these 
again  is  the  clay  of  the  alluvial  deposits  proper.  But  as  the  shingle  banks  are 
added  to,  they  must  encroach  on  the  sand,  and  this  again  on  the  clay  deposits,  and 
in  course  of  time  a  section  precisely  similar  to  that  to  be  seen  in  the  Siwaliks  will 
be  produced,  from  which  we  may  conclude  that  then  as  now  the  coarser  deposits 
were  being  pushed  forward  from  the  north  over  the  finer. 

6.  Nor  does  the  strip  of  hilly  country  occupied  by  the  Siwalik  beds  represent 
the  whole  of  the  southward  encroachment  of  the  Himalayas,  for,  close  up  against  the 
older  rocks  of  the  Himalayas,  we  find  sandstones  and  clays,  which  could  not  have 
been  formed  in  that  position,  but  must  originally  have  been  separated  from  the 
hills  by  a  strip  of  country  on  which  the  streams  deposited  their  coarser  debris. 
From  these  facts  we  see  that  even  the  boundary  of  the  Himalayan  slates  does  not 
mark  the  original  southern  limit  of  the  Himalayas,  but  that  it  must  be  placed 
somewhere,  though  not  necessarily  very  far,  to  the  north.  To  judge  by  analogy, 
it  must  have  been  on  the  average  at  least  twelve  miles  further  north  in  Ndhan, 
and  six  in  Middle  Siwalik  times,  than  the  present  main  boundary  of  the  slates 
and  the  Siwalik. 

7.  In  the  light  of  these  facts,  the  assumptions  that  there  is  a  continuous  zone 
of  coarse  deposits,  continuous  with  the  existing  bhdharf  next  to  the  rock  floor  of 
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the  Oangctic  depression,  and  thattlie  deposits  will  become  coarser  on  the  whole 
as  we  sink  into  the  aP avium  at  any  point  are  not  justified.  At  first,  doubtless, 
coarser  deposits  were  overlaid  by  finer  ones,  and  in  the  southern  margin,  where  the 
land  has  sunk  and  the  alluvium  spread  over  it,  this  still  takes  place,  but  at  the 
northern  margin, — and  it  is  with  this  alone  that  we  are  concerned, — ^the  coarse 
deposits  have  for  long  past  been  pushed  forward  over  the  top  of  the  finer,  and  all 
direct  connection  with  the  coarse-grained  bottom  bed  cut  o£E  by  the  elevation  of 
the  strata  we  now  call  Siwalik. 

8.  The  only  means  we  have  of  testing  these  suppositions  are  the  Ambala  and 
Calcutta  borings.  According  to  the  hypothesis  I  have  put  forward,  the  beds 
should  become  finer  on  the  whole,  as  a  greater  depth  was  reached  in  the  tii-st  case 
but  coswser  in  the  second.  With  regard  to  the  Calcutta  boring,^  an  inspection  of 
the  record  will  show  how  markedly  this  is  the  case ;  in  the  Ambala  boring  the 
finding  pebbles  low  down  might  be  held  to  disprove  the  hypothesis ;  but,  as  far  as 
I  can  make  out,  they  were  merely  occasional  small  pebbles  never  forming  shingle 
properly  so  called  ;  and  the  table  (given  below  *)  of  the  thickness  of  sand  and  clay 
passed  through  in  each  hundred  feet  shows  clearly  that  the  deposits  did  on  the 
whole  increase  in  fineness  with  the  depth  reached  ;  foi%  while  in  the  first  4fOO  feet 
sand  was  in  excess  of  clay,  during  the  next  300  the  thickness  of  clay  was  greater 
than  that  of  sand,  and  the  proportion  of  clay  throughout  the  section  increased 
steadily  till  in  the  last  100  feet  there  was  but  7  feet  of  sand  in  all. 

9.  Since,  then,  'the  sections  met  with  in  these  borings  are  so  strikingly  in  accord 
with  what,  according  to  hypothesis,  they  should  be  as  almost  to  amount  to  proof, 
it  is  extremely  probable  that,  as  indicated  in  §  7,  there  is  no  zone  of  coarse  per- 
meable deposits  continuous  with  those  of  the  hhdbar,  and  that  in  consequence 
there  is  but  little  prospect  of  obtaining  water,  except  in  small  quantities,  by  means 
of  artesian  wells  in  the  plains  of  Upper  India. 


Further  considerations  upon  Artesian  sources   in  the  plains  of   Upper   India,  by 

H.  B.  AIedlicott,  M.A.,  Geological  Survey  of  India, 

In  the  foregoing  paper  Mr.  Oldham  makes  use  of  the  artesian  qnestion  as  a 
peg  whereon  to  exhibit  a  very  neat  combination  of  theory  and  observation  to 
elucidate  the  formation  and  resulting  stnicture  of  the  Sub- Himalayan  deposits,  in- 
cluding those  of  the  great  alluvial  plains,  in  their  relation  to  the  growth  of  the 
mountains  themselves.  I  am  glad  to  have  afFoi'ded  the  opportunity  for  so  in- 
teresting and  instructive  a  discussion,  and  glad  also  for  the  occasion  it  gives  me 
in  return  of  adding  some  further  considei*ations  upon  the  same  subject ;  it  is 

»  Kec,  Vol.  XIV,  p.  221. 
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however  very  needful  to  point  ont  that  criticism,  both  in  its  positive  and  its 
personal  aspects,  is  quite  too  serious  a  responsibility  to  be  treated  as  a  lay-figure. 
It  is  easy  to  show  that  the  dummy  set  up,  to  be  so  expertly  knocked  down  again, 
never  occupied  the  position  assigned  to  it  in  the  place  whence  it  was  taken.  The 
condition  in  question — a  continuous  zone  of  gravel  and  sand  deposits  comparable 
to  those  of  the  hhdbar  separating  the  clay  deposits  of  the  alluvium  from  the 
rock  below — may  in  Mr.  Oldham's  opinion  be  necessary  to  the  success  of  arte- 
sian  borings,  and  he  is  of  course  entitled  to  maintain  it,  but  he  was  not  warranted 
in  representing  it  as  *'  the  fundamental  assumption"  of  tbe  paper  he  referred  to. 
That  condition  is  indeed  there  quoted  as  theoretically  most  favourable,  especially 
as  affording  assignable  limits  of  depth,  but  by  illustration  and  example  it  is 
abundantly  shown  that  success  does  not  depend  upon  the  supposition  of  which 
that  condition  would  be  the  result. 

2.  The  study  of  Mr.  Fisher's  admirable  work^  had  the  same  effect  upon  me 
as  upon  Mr.  Oldham,  up  to  a  certain  point,  to  upset  a  supposition  of  primary  sim- 
plicity regarding  the  underground  conditions  of  the  great  plains ;  but  as  I  had 
never  held  or  represented  that  supposition  to  be  essential  to  the  existence  of  arte- 
sian sources,  there  was  no  occasion  to  proclaim  a  correction  that  might  discourage 
a  project  which  I  hold  to  be  quite  independent  of  that  particular  arrangement. 
I  did  not  however  fail  to  represent  the  whole  case  on  the  first  opportunity,  and 
to  indicate  its  bearings  on  the  question  of  artesian  sources,  in  a  geological  paper 
written  two  years  ago  for  the  Grazetteer  of  the  Punjab,  but  which  has  not  yet  ap- 
peared. The  following  paragraphs  (3  to  11)  are  reprinted  verbatim  from  proofs 
that  were  set  up  in  1883. 

3.  "  We  have  still  to  notice  the  depth  or  thickness  of  these  deposits,  as  a  point 
of  practical  as  well  as  of  speculative  interest.  The  surface  deposits  belong  every- 
where, as  we  have  seen,  to  the  human  period.  In  a  cutting  near  the  head  of  the 
eastern  Jumna  canal.  Colonel  Cautley  dug  out  a  fossil  town.'  Everything  below 
is  concealed.  It  would  seem  that  near  the  '  outer'  margin,  i.e.,  on  the  Himalayan 
side,  of  the  plains  a  very  close  limit  to  the  age  of  any  beds  conformably  under- 
Ijing  the  recent  alluvium  should  be  assignable ;  for  the  topmost  beds  of  the 
Siwalik  series,  of  latest  pliocene  age,  if  not  pleistocene,  are  tilted  up  vertically  ; 
yet  they  are  indistinguishable  in  composition  and  texture  from  the  actual  river  de- 
posits. Disturbance  of  such  magnitude  must,  one  wonld^  think,  have  extended  to 
some  distance  south  of  these  outcrops,  and  thus  have  involved  total  unconformity 
of  the  Siwaliks  with  any  beds  that  are  still  undisturbed,  within  a  considerable 
distance.  If  this  were  sp,  it  would  follow  that  any  beds  conformably  underlying 
the  surface  deposits  in  the  neighbourhood  of  the  Himalayan  margin  must  be  long 
post-Siwalik.  But,  as  will  presently  1)e  shown,  the  disturbance  to  which  the  up- 
heaval of  the  Siwaliks  is  due  probably  extended  to  only  a  small  distance  fix)m  that 
margin. 

4.  "  Par  from  the  mountains,  anywhere  within  the  protecting  infiuence  of  the 
underlying  hard  rocks  of  the  peninsula,  it  is  evident  from  what  has  been  «aid 
that  the  plains  deposits  might  be  in  unbroken  sequence  with  the  whole  tertiary 

'  Physics  of  the  earth's  crust,  by  the  Rev.  Osinoiul  Fishcri  Loudon,  1881. 
'Journal,  Asiatic  Society,  hcu^gn).  111,  p.  43,  1834. 
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system  ;  and  on  ibis  '  inner '  border  of  tbe  plains  even  at  tbe  small  deptb  to  nrliicb 
observation  has  access,  beds  Having  some  small  oomparatiTe  antiqnitj  oocnr  in 
close  relation  with  the  surface  deposits.  In  the  lower  reaches  of  the  Jtunna, 
between  Agra  and  Allahabad,  where  the  river  has  exuded  its  channel  to  a  depth 
of  100  feet  below  the  level  of  the  adjoining  plains,  bones  of  extinct  forms  baving^ 
some  affinities  with  those  procured  from  the  upper  Siwalik  strata  have  been  found 
in  perfectly  undisturbed  clays. 

5.  **  Any  surmise  upon  the  underground  features  of  the  plains  deposits  can 
only  be  derived  from  the  view  formed  of  antecedent  conditions  as  indicated  by  the 
features  of  adjoining  areas.  On  the  peninsular  side  there  is  good  evidence  to 
show  that,  so  far  back  as  in  immediately  pretertiary  time,  the  drainage  flowed 
from  the  south  towards  what  is  now  the  Oangetio  basin :  the  whole  northern 
scarp  of  the  Yindhyan  plateau  existed  at  that  time  in  approximately  its  present 
position.  The  Deccan  trap  poured  over  that  scarp  on  to  the  gneissic  area  of 
lower  Bnndelkhand.  How  far  it  may  have  flowed  over  the  low  ground  in  that 
direction  it  would  be  impossible  to  say ;  on  the  plateau  it  does  not  seem  to  have 
reached  so  far  north  as  Grwalior.  The  total  absence  of  any  remnant  of  tertiaiy 
rocks  on  this  border  of  the  peninsula  suggests  that  it  was  then  out  of  the  reach 
of  deposition,  rather  than  that  all  such  deposits  have  been  since  removed  ;  but  it 
would  seem  pretty  certain  that  this  drainage  basin  was  part  of  that  in  which  the 
eocene  rocks  of  the  Himalayan  border  were  laid  down.  Only  the  lower  stage 
of  that  series  is  marine ;  and  the  muddy  character  of  these  beds,  contrasting 
with  the  clear  limestones  of  the  same  age  in  the  western  Punjab,  suggests 
estuarine  conditions  requiring  a  southern  bank  far  to  the  north  of  the  present 
south  boundary  of  the  plains^  and  of  course  also  a  limiting  land  in  the  actnal 
Himalayan  area.  Already  in  nummulitio  time  these  marine  bottom-beda 
became  mixed  with  and  soon  permanently  replaced  by  others  of  distinctively 
Sub-Himalayan  characters,  consisting  of  fluviatile  deposits  with  terrestrial 
and  fresh  water  fossils ;  and  these  conditions  have  lasted  throughout  tbe  Si- 
walik epoch  to  the  present  day,  for,  as  has  been  said,  the  top  Siwalik  strata 
seen  at  many  places  in  the  Panjab  are  absolutely  indistinguishable  from,  those 
of  the  plains.  These  mid^e  and  upper  tertiary  fluviatile  deposits  were  inde- 
pendent  of  the  sea  level,  and  would  l)ave  spread  over  the  whole  basin  ac- 
cording to  its  contour,  and  equally  to  the  south  in  the  valleys  of  the  northern* 
slopes  of  the  peninsular  area  now  concealed  beneath  the  plains.  From  the  fore- 
going observations  it  would  appear  that  the  Sub-Himalayan  eocene  marine  ba«n 
was  probably  a  narrow  one ;  but  that  the  supervening  upper  tertiary  fluviatile 
deposits  may  have  stretched  southwards  to  an  indefinite  distance. 

6.  '^  To  the  foregoing  consideration  of  the  original  conditions  of  the  basin,  there 
must  be  added  what  can  be  said  regarding  the  Himalayan  disturbance  as  affect- 
ing the  floor,  and  therefore  the  whole  condition,  of  the  plains  deposits.  The  ex- 
treme unconformity  already  mentioned  as  occurring  between  the  horizontal  plains 
deposits  and  the  vertical  Siwaliks  along  the  Himalayan  border,  does  undoubtedly 
establish  an  immense  lapse  of  time  (as  reckoned  in  historical  periods)  between  the 
two.  But  the  inference  as  to  how  far  (his  condition  of  unconformity  extends 
beneath  the  plains  to  tbe  south  of  the  actiuil  boundary  depends  upon  the  view 
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^en  of  the  process  of  disturbance.  It  is  diJBicalt  to  resist  the  pnmd  facie  im- 
l^^^ssioii,  from  the  sight  of  an  immense  thickness  of  stratified  rock  tamed  up  on 
*^d  that  great  violence  must  have  attended  snch  results,  and  hence  that  the 
^l^ta  must  hare  ext<ended  to  far  beyond  the  point  where  such  intensity  is  ex* 
''^^ited.  It  was  upon  such  natural  impressions  that  the  cataclysmal  theories  of 
^  Qarly  geologists  were  founded.  In  the  present  case,  the  plausible  supposition 
T^  snch  a  point  of  view  would  be,  that  an  elevation  of  the  Himalayan  area,  coin- 
^nt  with  the  contortion  of  the  Siwalik  strata,  had  first  resulted  in  a  great  valley 
^^^^osion  from  the  mountains  to  the  sea,  forming  a  dean-swept  basin  for  the  de- 
^^^  which  now  form  the  plains. 

pal^'   **'^o  give  meaning  to  this  seemingly  useless  discussion  it  maybe  well  to 

1^  ^  out  that  it  forms  the  only  rational  approach  to  the  practical  question  often 

y^^M.- — ^where  in  the  plains  and  at  what  depth  would  there  be  a  prospect  of  success 

V)ir  ^m  artesian  boring  ?    If  the  supposition  jnst  noticed  might  be  counted  upon,  a 

very  favourable  answer  could  be  given  to  this  question.     The  base  of  the  deposits 

would  then  be  everywhere  within  reach ;  that  base  would  generally  consist  of 

coarser  materials,  such  as  would  form  a  capacious  water-stratum  ;  and  it  woald  be 

in  continuous  connection  with  the  present  upper  zone  of  gravel  beds  at  the  foot  of 

the  hills,  where  copious  absorption  of  water  occurs. 

8.  "  Careful  observation  and  reflection  are,  however,  against  that  primd  facie 
supposition.     It  will  be  shown  that  before  the  disturbance  of  the  Siwalik  rocks 
(f.e.,  during  the  Siwalik  period)  the  Himalayan  rivers,  great  and  small,  flowed 
JQst  where  they  now  do  in  the  mountains ;  so  that  there  is  nothing  to  support  the 
supposition  that  any  great  elevation  or  violent  movement  of  any  kind  accompanied 
the  distorbance  of  the  Siwalik  rocks ;  for  they  probably  were  tilted  up  so  slowly 
that  the  main  rivers  could  pari  passu  erode  their  gorges  across  the  rising  strata. 
Another  fact  of  corresponding  import  is  found  in  the  form  taken  by  the  Siwalik 
strata  under  disturbance.  The  duns,  or  longitudinal  valleys  occurring  so  constant- 
ly inside  the  Siwalik  ranges,  are  generally  formed  of  the  topmost  Siwalik  strata 
in  a  more  or  less  horizontal  condition,  rising  by  a  gradual  increase  of  dip  to  form 
the  range  outside  the  dun,  while  on  the  inner  side  they  either  abut  abruptly 
against  the  rocks  of  the  inner  range,  or  else  are  bent  up  sharply  to  form  that  range. 
Such  a  feature  strongly  suggests  the  probability  that  the  final  limit  of  the  dis- 
torbance may  be  no  less  abruptly  marked ;  so  that  beyond  the  extreme  verge  of 
the  vertical  Siwalik  strata,  these  same  strata  may  have  remained  permanently  in 
their  original  gentle  slope  of  deposition,  and  would  thus  be  in  conformable  se- 
'  quence  with  the  most  recent  deposiia  of  the  plains  within  a  very  short  distance  of 
the  hiUs.     It  is  independently  intelligible  that  the  slow  compressing  force  to 
which  the  bending  of  the  strata  and  the  consequent  rise  of  the  hills  were  due, 
would  expend  itself  to  the  utmost  on  each  flexure  before  giving  rise  to  a  new 
one. 

9.  "  Such  a  process  would  of  course  involve  great  erosion  of  the  Siwalik 

strata  in  the  immediate  region  of  upheaval ;  and  there  is  abundant  evidence  of 

this,  not  only  in  the  river  gorges  and  the  deep  ravines  of  the  minor  streams,  but 

«long  the  whole  outer  edge  of  the  hills,  where,  as  a  rule,  the  uppermost  gravel 

beds  of  the  plains  rest  upon  the  edges  of  low  Siwalik  strata  near  the  axis  of  the 
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flexure,  the  wliole  of  the  onter  and  steeper  side  of  which  has  been  removed. 
Under  the  supposed  conditions  of  disturbance  this  denudation  would  not  have 
reached  far ;  so  that  within  a  short  distance  there  might  be  completely  conform- 
able sequence  between  the  Siwalik  deposits  and  those  of  the  actual  plains. 

10.  "  One  important  direct  observation  has  been  made  upon  the  nnderground 
constitution  of  the  plains,  in  the  boring  for  an  artesian  spring  at  Ambala  to  a 
depth  of  700  feet.  No  gravel  bed  or  other  water  stratum  was  met  with,  and  the 
boring  ended  in  stiff  clay.  If  this  section  could  be  taken  as  representative,  it 
would  be  conclusive  evidence  against  the  supposition  of  these  deposits  lying  in  a 
simple  post- Siwalik  basin  of  erosicm ;  for  the  bottom  of  such  a  basin  must  at 
Ambala  be  within  a  much  less  depth  than  700  feet,  and  the  basal  beds  in  such  a 
basin  must  as  a  rule  be  coarse,  porous,  and  water  bearing.  It  is  easy  to  explain 
a  possible  exception  to  this  rule  ;  and  Ambala  is  just  in  the  position  where  such 
an  exception  would  be  most  likely  to  occur.  It  is  about  20  miles  from  the  foot  of 
the  hills,  and  this  is  beyond  the  distance  to  which  gravel  is  now  swept  by  the 
small  streams  and  the  rain-wash  on  the  steeper  slopes  near  the  hills.  It  is  only 
within  the  range  of  the  great  rivers,  in  the  deeper  parts  of  the  supposed  basin  of 
erosion,  that  coarse  deposits  must  occur  somewhere  in  almost  every  section,  es- 
pecially at  or  near  the  base ;  and  in  river-formed  deposits  such  as  these,  the  range 
of  the  great  rivers  embraces  in  time  more  or  less  the  whole  area.  Ambala,  about 
midway  between  the  Jumna  and  the  Sutlej,  and  so  near  the  hills,  is  just  in  the . 
position  most  likely  to  escape  that  influence,  as  the  whole  growth  of  deposits  might 
be  directly  from  the  hills,  or  by  overflow  of  finer  sediment  from  the  main  rivers. 
In  this  way  there  might  be  nothing  there  to  mark  the  bottom  of  the  basin  or 
surface  of  erosion  in  so  small  a  section  as  that  given  by  a  boring ;  and  thus  the 
passage  from  the  recent  plains  deposits  into  beds  of  such  similar  composition  as 
are  those  of  the  upper  Siwaliks  would  not  be  noticed.  It  can  however  be  affirm- 
ed that  the  boring  did  not  reach  beds  that  had  undei^ne  any  considerable  dis- 
turbance, for  the  frequency  of  alternation  of  beds  in  the  lower  pewrt  of  the  boring 
was  as  great  as  in  the  upper  part,  whereas  a  very  moderate  tilting  of  the  lower 
beds  would  have  given  a  perceptible  apparent  thickening  of  the  several  strata 
passed  through  by  a  vertical  boring. 

11.  "  There  is  yet  to  be  taken  into  account  a  consideration  of  gpreat  weight 
in  this  discussion.  It  was  long  ago  suggested  by  Herschell,*  in  seeking  for  a 
prime  mover  of  the  forces  by  which  crust  movements  are  effected,  that  the  fami- 
liar process  of  denudation  by  the  continual  removal  of  matter  from  steep  elevated 
tracts  and  the  deposition  of  it  in  adjoining  low  ground,  evidently  disturbs  the 
equilibrium  of  strain  beneath  those  areas,  causing  a  tendency  to  elevation  in  the 
former  and  to  depression  in  the  latter.  Recent  researches  npon  the  nature  of  the 
earth's  rigidity  entirely  confirm  that  inference ;  and  it  is  the  obvious  explanation 
of  the  constantly  observed  fact  of  depression  in  deltas.  Borings  in  the  delta  of 
the  Ganges  at  Calcutta  have  discovered  land  surfaces  far  below  the  present  sea 
level.  Now  these  conditions  occur  in  a  very  concentrated  form  along  the  fringe 
of  the  Himalayan  border.  An  enormous  amount  of  detritus  is  annually  swept 
down  fix)m  thfe  mountains,  a  relatively  large  proportion  of  it  being  from   the 

*  in  note  1  to  Uubbnge's  Niutb  Brtilgfwnter  Treiitisc,  2ail  eiUtiou. 
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softer  rocks  of  the  Sub- Himalayan  bills ;  and  a  relatively  large  proportion  of  that 
detritns  is  deposited  in  the  npper  marginal  region  of  the  plains.  It  thus  becomes 
a  matter  of  certainty  that  depression  to  an  unknown  extent  has  taken  place  in 
this  latter  area.  This  view  considerably  modifies  the  inference  to  be  drawn 
regarding  the  lower  beds  in  the  Ambala  boring  as  based  oil  the  supposition  of 
extensive  elevation  and  erosion.  The  probability  would  now  seem  to  be  that  the 
boring  did  not  reach  beds  of  Siwalik  age.  It  is  evident  that  these  later  conclu- 
sions regarding  the  underground  relations  of  the  plains'  deposits  render  more 
difficult  than  ever  any  speculation  as  to  the  position  or  depth  of  an  artesian 
source,  although  by  no  means  shaking  the  probability  that  such  sources  occur 
there.** 

12.  These  last  words  show  how  little  dependence  was  placed  upon  the  hypo- 
thetical condition  of  a  continuous  post- Siwalik  surface  of  erosion  covered  by  coarse 
deposits  beneath  the  alluvium  of  the  plains.  Thus,  from  quite  opposite  sides, 
though  from*  the  same  suggestion  of  a  slow  rising  of  the  mountain  area  and 
depression  of  the  adjoining  region,  Mr.  Oldham  and  I  have  independenly  shown  the 
non-existence  of  the  condition  which  he  has  characterised  as  the  fundamental 
assumption  for  the  success  of  artesian  wells.  Although  in  the  paper  under  refer-  * 
ence  I  gave  ample  proof  that  no  such  condition  was  necessary,  I  must  plead 
guilty  to  having  myself  eiaggerated  not  only  the  chance  of  its  occurrence,  but 
also  its  importance.  From  figure  1  of  the  experimental  results  (I.  c,  plate  fac 
ing  page  207),  it  is  apparent  that  any  approach  to  a  completa  fulfilment  of  that 
condition  would  be  fatal  to  success  as  affording  equal  capacity  for  percolation 
throughout,  and  therefore  no  compulsion  to  a  rise,  beyond  what  might  be  due 
to  variation  of  slope.  The  proclivity  to  exaggerate  the  importance  of  this  con- 
dition is  the  desire  to  make  sure  of  porous  deposits  throughout,  and  their  conti- 
nuity from  the  source  of  supply ;  but  it  is  plain  that  sufficient  assurance  on  this 
point  may  be  established  without  the  assumption  in  question. 

13.  In  the  first  place  there  is  much  misapprehension  as  to  the  facts  of  porosity 
and  percolation.  Although  the  statical  porosity,  the  capacity  for  holding  water 
in  the  interspaces,  is  the  same  in  granular  bodies  whether  the  grains  be  large  or 
small,  the  dynamical  poroeity,  the  facility  of  percolation,  is  much  greater  in  the 
latter  case,  because  of  the  much  less  surface  of  contact  involving  friction.  Thus  in 
the  experiments  described  in  the  paper  under  reference,  ths  discharge  from  the 
pipe  (fig.  1)  was  12  cubic  inches  per  minute  when  filled  with  large  shot  (B.  B.), 
and  only  5  when  filled  with  small  shot  (No.  8),  the  discharge  from  the  same 
pipe  when  free  being  322  cubic  inches.  A  great  mistake  is  however  made  in 
applying  this  fact  to  rocks.  Conglomerates  and  gravels  are  not,  except  very 
i^rely,  made  up  only  of  large  and  small  stones ;  there  is  always  a  matrix,  gene- 
rally of  sand  ;  so  that  in  point  of  fact,  gravel  is  less  porous  than  sand,  for  every 
pebhle  is  so  much  potential  porosity  abstracted.  Sand  of  some  sort  is  there- 
fore, in  every  case,  the  effective  medium  of  percolation.  The  maximum  or 
normsl  porosity  of  a  body  composed  of  equal  spherical  grains,  is  about  40  per 
cent.* 

'  The  Ganges  sand  at   Narora  is  stated  b)  Colonel  Broirnlow,  K.E.,  to  absorb  2*5  gallons  of 
water  to  the  cubic  foot,  «'.«.,  40  per  cent. 
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14.  Next  as  to  distribution :  from  Mr.  Oldkam's  roogli  statement  of  the  case  it 
would  be  understood  (though  of  course  he  did  not  mean  it)  that  only  claj  depo- 
sists  take  place  at  a  distance  from  the  upper  margin  of  the  plains,  but  as  a  fact 
it  is  certain  that  the  great  rivers  bring  down  sand  in  abundance  to  the  very 
delta.  In  the  total  burden  of  solid  matter  discharged  from  the  mountains,  sand 
is  certainly  the  chief  ingredient,  and  I  do  not  see  how  it  can  be  doubted  that  such 
deposits  were  more  or  less  freely  continuous  throughout  the  areas  oyer  which 
these  rivers  spread.  The  occurrence  that  took  place  last  year  in  sinking  a  well  in 
the  Ganges  for  one  of  the  piers  of  the  railway  bridge  at  Benares,  when  the 
well  was  burst  by  a  sudden  influx  of  water  &om  below  a  bed  of  clay  rising 
to  a  greater  height  than  the  river  water  outside  the  well,  proves  that  partial 
artesian  conditions  exist  at  shallow  depths,  near  to  the  lower  margin  of  the 
plains.  It  is  in  the  areas  of  tranquil  inundation  between  the  great  rivers  that 
deposit  of  clay  prevailB.  The  alternation  of  the  two  kinds  of  deposit  is  secured  by 
the  necessary  process  of  growth  whereby  depositing  rivers  must  in  time  change 
their  course  impartially  over  their  basin  of  deposition.  In  taking  the  Amb^Lla 
boring  as  a  iype  of  what  may  be  expected  in  the  plains,  Mr.  Oldham  has  ignored 
how  peculiarly  its  position  excludes  it  from  being  taken  in  that  sense  as  is  ex- 
plained above  (§  ID).  In  sinking  the  piers  of  the  Jumna  bridge  east  of  Amb41a 
at  the  same  distance  from  the  hills,  large  boulders  were  found  at  40  feet  below  the 
bed  of  the  river.  It  is  no  doubt  conceivable  that  even  in  the  open  plains  some 
spots  may  have  successively  escaped  any  adequate  amount  of  sand  deposits  during 
the  repeated  oscillation  of  the  great  rivers ;  but  on  this  point  also  much  misappre- 
hension exists  as  io  what  occurs  in  nature.  In  an  official  discussion  upon  this  ques- 
tion, it  was  urged  that  the  possible  porous  layers  in  these  deposits  would  be  re- 
presented by  long  strips  corresponding  with  the  courses  of  the  great  rivers,  the  idea 
being  taken  from  the  rivers  of  Upper  India  as  now  exhibited.  But  this  is  mislead- 
ing ;  for  these  rivers  now  for  the  most  part  run  in  valleys  of  erosion,  and  are  not 
adding  to  the  adjoining  plains.  The  state  is  very  different  under  formative  condi- 
tions, when  the  river  in  flood  runs  at  the  general  level  of  the  country  and  distributes 
its  branches  over  a  wide  area,  as  is  now  the  case  with  the  Brahmaputra  in  Upper 
Assam.  I  therefore  maintain  that  there  is  a  strong  presumption  that  porous  beds 
do  occur  at  various  depths  over  a  large  proportion  of  the  plains,  and  that  they 
are  ahnost  necessarily  in  connection  with  like  deposits  up  to  the  base  of  the 
hills. 

15.  Any  one  who  has  realized  the  process  of  growth  of  the  plains  deposits  as 
indicated  above,  can  have  no  difficulty  in  meeting  the  objection  suggested  by  Mr. 
Oldham  as  to  the  state  of  things  at  the  origin  of  the  deposits,  which  is  the 
third  condition  of  success.  Even  granting  his  main  contention  that  as  the 
mountain  border  rises  or  the  plains  are  depressed  there  is  a  growing  tendency  to 
widen  the  sone  of  coarser  deposits  by  extension  over  fine  deposits  that  had 
prerionaly  been  laid  down,  the  whole  argument  is  only  valid  against  the  aforesaid 
fictitious  "fundamental  assumption.*'  Though  the  ultimate  general  tendency 
may  be  as  stated,  it  is  quite  certain  that  from  the  beginning  the  process  was  exceed- 
ingly iiT^ular ;  that  while  the  streams  were  pushing  their  coarser  deposits  in  one 
direction,  the  finer  deposits  in  the  other  direction  must  have  encroached  upon  the 
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ooaner  depoeiia  of  a  previons  period,^  and  so  the  resulting  structure  of  the'de. 
posits  in  this  region  must  be  an  entanglement  of  projecting  wedges  of  coarser 
deposits  between  sheets  of  non-porous  beds,  thus  producing  the  conditions  most 
&yoarable  for  artesian  sources  as  illustrated  in  the  experiments  given  in  my  paper 
(Ic.  p.  207) — a  large  sectional  area  of  water-holding  deposits  at  the  head  of 
supply;  tailing  off  into  beds  of  less  capacity  and  between  impervious  beds.  If 
there  were  any  need  to  do  so  for  the  present  argument^  I  think  that  a  strong 
case  might  be  made  for  an  extension  of  the  early  post-Siwalik  hhdbar  much 
beyond  the  range  of  the  actual  hhdbar.  The  upper  edge  was  certainly  consi- 
derably nearer  the  plains  originally  than  at  present ;  for  now  it  for  the  most  part 
oocois  along  the  axis  of  flexure,  in  contact  with  middle  Siwalik  strata,  having 
overlapped  the  denuded  edges  of  the  Siwalik  conglomerates ;  and  it  seems  to  me 
highly  probable  that  in  the  early  stages  of  Siwalik  elevation,  when  the  now 
buried  conglomerates  were  under  active  denudation,  the  resulting  hhdbar  may 
bave  reached  much  beyond  the  present  limits  of  this  zone,  beneath  the  finer  de- 
posits of  the  present  plains.  I  do  not  think  that  the  fact  of  such  depression  as 
contemplated  by  Herschell  or  Mr.  Fisher  would  practically  have  any  direct  effect 
apon  the  conditions  of  water  percolation  as  originally  established  in  the  process  of 
deposition. 

16.  When  I  first  noticed  in  1864  (Memoirs  III,  pp.  18t2-5)  that  there  seemed 
a  &ir  chance  for  successful  artesian  borings  in  the  Ghangetic  plains,  although  Sir 
Jobn  Herschell's  pregnant  suggestion  was  in  view*  {l.cp.  198),  I  did  nob  then 
consider  the  point  which  we  have  now  shown  to  have  little  practical  bearing  on 
the  question.  My  recommendation  was  based  on  the  general  aspect  of  the  con- 
ations. In  1867,  a  definite  project  for  a  boring  at  AmUla  was  referred  to  me 
for  opinion.  I  then  referred  to  a  number  of  successful  artesian  borings  in 
analogous  positions,  and  quoted  them  as  confirming  my  originial  recommenda- 
tion.* These  examples  were  particularly  instructive  in  showing  how  little  did 
snooess  depend  upon  any  regularity  in  the  deposits  ;  how,  among  the  promiscuous 
inierlapping  of  fluviatile  deposits,  the  continuity  of  water-bearing  strata  is  somehow 
and  in  variable  deg^rees  sustained.  Thus,  when  it  came  to  the  p9int,  my  recom- 
mendation rested  chiefly  on  instances  of  success  under  like  conditions,  itither 
tban  upon  theoretical  grounds.  On  the  occasion  of  successful  artesian  borings  at 
Pondicheiry,  I  again  took  up  the  question  and  discussed  it  in  a  more  systematic 
manner  in  the  paper  under  reference  (supra^  XIV,  pt.  3),  giving  numerous 
examples.  That  at  Venice  may  again  be  referred  to  with  advantage  in  the  present 
connection.  It  is  in  a  deltaic  area,  below  a  broad  bhdbar  zone  which  rests  against 
disturbed  pliocene  strata  at  the  foot  of  the  Alps,  the  features  thus  in  every  respect 
corresponding  to  those  in  the  case  under  consideration.  The  area,  too,  is  one  of 
considerable  depression ;  the  boring  begins  at  about  sea-level,  and  several  old  land 

'  CloM  to  Hardwir,  within  the  mouth  of  the  eorge  of  the  Qanges  through  the  Stwaliks,  a  hed 
of  >tiff  day  is  aeen  rettiiie  upon  coarse  boulder  gravel.  Memoirs,  Vol.  Ill,  pt.  2,  p.  153.  In  the 
Kwaliks  tnemselves  the  outermost  (highest)  beds  seen  are  alternating  chiys  and  coarse  conglomer- 
ain  dipping  at  SO""  towards  the  pinins.    Ibid,  p.  118. 

'  The  papers  are  published  in  No.  178  of  Selections  from  the  Records  of  the  Government  of 
India,  Home  Department,  p.  47. 
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surfaces  were  passed  through  to  a  depth  of  400  feet .  No  coarse  deposits  of  any 
kind  were  struck  within  the  depth,  explored  (422  feet),  only  clay  and  sand  with  the 
occasional  layers  of  peat  that  had  once  formed  the  land  surface.  The  copious 
water  bed  occurred  in  sand  at  a  depth,  of  200  feet.  The  circumstances  of  the 
Gauge  tic  plains  differ  only  in  respect  of  magnitude.  This  is  no  doubt  in  itself 
presumably  adverse,  owing  to  the  greater  friction  to  be  overcome  in  the  percola- 
tion of  the  water  stratum.  On  the  other  hand,  these  relative  magnitudes  are  often 
self-compensating,  and  it  would,  I  think,  be  a  mistake  to  decline  experiment  in 
a  matter  of  such  importance  for  theoretical  reasons  of  uncertain  applicability. 

17.  After  careful  reconsideration  of  the  whole  case  in  the  light  of  the  rather 
imaginary  difficulty  raised  by  Mr.  Oldham,  1  have  to  reaffirm  my  conviction  that 
there  is  reasonable  prospect  of  success. 

18.  It  is  most  unfortunate  for  the  cause  that  the  experiments  that  have  so  far 
been  made  were  fixed  upon  solely  on  grounds  ot  local  need,  and  not  as  in  any  d^^ree 
favourable  sites  for  testing  the  conditions.  It  has  been  shown  above  that  Amb&la 
is  in  a  position  most  likely  to  be  out  of  reach  of  water-bearing  deposits,  compara- 
tively near  the  hills  and  midway,  at  a  considerable  distance,  between  the  great 
rivers  which  are  the  vehicles  for  such  deposits;  and  now  a  trial  on  a  large 
scale  is  being  made  at  Agra,  for  which  I  am  in  some  degree  responsible. 
I  could  not  say  there  was  no  chance  of  success,  but  I  did  not  fail  to  say  it  was 
about  the  last  place  I  should  choose  for  a  trial  boring.  In  discussing  the  question 
with  the  engineer  who  was  getting  up  the  projects  for  the  water-supply  at  Agra, 
my  written  opinion  was  as  follows  : — "  Agra  is  not  perhaps  the  most  propitious 
position  for  a  boring,  and  if  I  were  starting  a  series  of  experimental  borings,  I 
would  not  begin  there,  because  of  its  much  greater  proximity  to  the  south  margin 
of  the  basin,  while  the  water^upply  to  be  expected  would,  I  think,  be  from  the 
north.  Although  Agra  is  now  at  the  lowest  point  of  the  basin,  the  hollow  of  the 
original  depression  was  much  more  to  the  north,  the  change  being  due  to  the 
more  abundant  supply  of  detritus  (by  rain  and  rivers)  fi*om  the  north,  and  the 
consequent  encroachment  and  overlap  of  deposition  from  that  side.  Thus  the 
boring  at  Agra  will  be  in  deposits  having  a  difEerent  source  of  origin  from  those 
through  which  the  water-supply  is  expected ;  and  although  the  strata  are  contem- 
poraneous and  in  the  same  basin,  the  continuity  of  porous  or  non-porous  strata,  and 
hence  the  connected  percolation,  may  not  be  as  free  as  if  the  boring  were  altogether 
in  beds  of  northern  derivation.'*  Subsequently,  in  answer  to  a  formal  reference 
from  the  Government  of  the  North- Western  Provinces  on  the  subject,  I  wrote 
(Ist  December  1881) — "  It  only  remains  for  me  to  say  that  the  grounds  of  possi- 
bility and  hope  are  sufficient  to  recommend  another  trial.  In  order  of  merit  I 
would  choose  Bareilly,  Shajehanpore,  Fyzabad,  and  Lucknow  as  propitious 
positions.  Begarding  Agra,  I  have  already  given  an  opinion,  quoted  in  Major 
Jacob's  report  on  the  water  scheme  for  that  place.  Although  holding  that  an 
artesian  spring  would  not  be  hopeless  there,  I  waa  careful  to  point  out  that  it  was 
by  no  means  a  propitiotts  place  for  a  new  venture,  on  account  of  its  great  distance 
from  the  northern  sources  and  its  actual  proximity  to  the  southern  edge  of  the 
basin."  It  is  obvious  that  the  friction  difficulty  will  be  at  its  maximum  here,  and 
the  free  connection  with  the  head  of  underground  water  at  its  minimum.    On  the 
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19th  of  Febraary  the  boring  had  attained  a  depth  t>f  481  feet,  with  the  section 
given  in  the  following  table.  The  thin  bands  of  sand  Nob.  30  and  32  are  pro- 
bably isolated  in  the  clay.  The  experiment  certainly  cannot  be  considered  as  fairly 
completed  at  this  depth. 


Section  of  Artesian  boring  at  Agra,  1884-86. 


No.  of 

ThieknoOT  of 
bed. 

Depth. 

1 

16 

16 

Loain. 

2 

10 

26 

Band,  loamy,  with  small  kankar. 

8 

10 

86 

„     loamy. 

4 

8 

44 

f,     fine. 

6 

19 

68 

Clay,  loamy. 

6 

27 

90 

9and,  loamy  (sweet  water). 

7 

20 

110 

Kankar  and  sand. 

8 

29 

139 

Sand,  white,  and  sandstone  (water  hrackish). 

9 

6 

144 

„    white  with  kankar. 

10 

22 

166 

Clay^  loamy. 

« 

11 

68 

224 

»> 

12 

66 

280 

M    loamy. 

18 

16 

294 

„    and  kankar. 

14 

2' 

6" 

296' 

6" 

Kankar. 

15 

1' 

6" 

298 

Clay,  loamy. 

16 

8' 

6" 

801' 

6" 

»y 

17 

1 

802' 

6" 

Kankar. 

18 

8' 

6" 

811- 

Qay. 

19 

1 

812 

Ktibkar. 

20 

15 

827 

Clay. 

21 

11 

888 

Sand,  loitmy. 

22 

7 

845 

„     red,  and  kankar  (a  little  water). 

28 

15 

860 

Loam. 

24 

1' 

6" 

861' 

6" 

Kankar. 

26 

18' 

6" 

880 

Clay  and  kankar. 

26 

10 

890 

„      loamy. 

27 

4 

894 

t» 

28 

2 

896 

Knnkar. 

29 

44 

440 

Clay. 

SO 

8' 

9" 

442' 

9" 

S)ind  ranning,  full  of  water. 

81 

28' 

9" 

467' 

6" 

Clay,  loamy. 

82 

8 

47(/ 

6" 

Sand  running,  full  of  water ;  some  large  angular 
quarts  and  felspar. 

grains  of 

88 

W 

6" 

481 

Clay. 

84 

*•■  • 

*• 

•*•  • 

•  » 

Sand  (dry),  with  small  ferruginous  concretions. 

Notes  on  the  Geology  of  the  Aka  Hills,  Assam,   by  Tom  D.  LaTouche,  B.A., 

Geological  Survey  of  India.     (With  a  map.) 

In  December  of  last  year  (1883^  I  obtained  permission  to  accompany  the  ex- 
pedition against  the  Akas,  a  tribe vpcupying  the  Lower  Himalayas  to  the  north 
of  Tezpnr  in  Assam,  between  thel^hntias  and  Daphlas.  Although  these  hills 
had  not  been  sorreyed  before,  yet  the  observations  made  by  Colonel  Godwin- 
Austen  in  the  Daphla  hills  abont  40  miles  to  the  east,  and  published  by  him  in 
the  Jooznal  of  the  Asiatic  Society  of  Bengal,  Vol.  XLIY,  Pt.  II,  had  shown  a 
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sequence  of  rocks  similar  to  that  fonnd  by  Mr.  Mallet  in  the  Sikkim  area  to  the 
west  (Mem.  Geol.  Surv.,  India.,  Vol.  XI,  Pt.  I),  and  therefore  it  was  probable 
that,  as  the  Aka  hills  are  physically  continuous  with  those  on  either  side,  the 
same  rocks  would  be  found  in  them,  and  this  I  found  to  be  the  cfuse.  Represen- 
tatives of  the  rocks  descnbed  by  Mr.  Mallet  as  occurring  in  the  Teesta  valley,  mV., 
Tertiary,  Damuda,  and  Daling,  were  found  in  situ,  and  judging  from  the  number 
of  boulders  of  gneiss  brought  down  by  the  rivers  crossed  during  the  expedition, 
there  is  no  doubt  that  this  rock  forms  a  great  part  of  the  country  to  the  north 
of  the  Daling  series. 

The  first  hills  met  with  to  the  north  of  Tezpur  form  a  long  ridge  on  the  south 
bank  of  the  Borholi  river,  rising  to  800  or  900  feet  above  the  plains  of  Balipara. 
This  ridge  is  of  pleistocene  age  and  consists  entirely  of  an  unstratified  drift  of 
well  rolled  boulders  and  pebbles  derived  from  the  hills  to  the  north,  gneiss  and 
granite  being  the  predominating  rocks.     Quartzites  and  hard  sandstones  from 

■  

the  Damudas  and  Tertiaries  are  also  common.  To  the  north  of  the  Borholi, 
following  the  route  taken  by  the  expedition  up  the  Diju  stream,  similar  beds  of 
drift  form  low  hills  and  terraces  on  either  side  of  the  stream  for  7  or  8  miles. 
This  great  accumulation  of  drift  is  probably  the  result  of  torrential  action  due  to 
the  greater  extension  of  the  Himalayan  glaciers  in  post- tertiary  times. 

About  8  miles  from  the  Borholi,  the  Diju  valley  becomes  narrower,  and  beds 
of  tertiary  rocks  are  seen  in  situ  on  .the  banks  of  the  stream.  These  ai::p  light- 
grey  sandstones,  with  beds  of  shale,  sometimes  carbonaceous,  much  crushed  and 
locally  contorted,  dipping  to  north-east  at  56°.  Further  into  the  gorge  other 
exposures  are  seen  of  micaceous  fissile  sandstone  with  shales  dipping  always  at 
high  angles  to  the  north-east  and  becoming  vertical  at  camp  No.  1,  about  12 
miles  from  Dijumukh.  In  a  large  boulder  of  the  sandstone  in  the  bed  of  the 
stream,  I  noticed  a  fossil  tree  trunk  about  1  foot  in  diameter,  coated  by  a 
layer  of  lignite  one  inch  thick,  but  one  found  no  lignite  in  situ,  nor  did  I  see  any 
fossils. 

At  camp  No.  1,  the  path  left  the  Diju  and  led  over  a  ridge  about  1,200  feet 
above  the  stream  to  camp  No.  2  on  the  Maj  Borholi.  Owing  to  the  dense  jungle 
I  could  find  no  sections  of  the  rocks  forming  the  ridge,  but  the  fragments  on  the 
path  were  all  of  brown  ferruginous  sandstone. 

In  the  Maj  Borholi  valley  the  rocks  exposed  wei^e  entirely  dilFerent  from  the 
soft  tertiary  sandstones  of  the  Diju,  and  consisted  of  hard  grey  quartzitic  sand- 
stones interatratified  with  carbonaceons  shales  and  seams  of  coal,  the  whole  much 
crushed  and  contorted.  A  good  section  was  obtained  in  a  small  stream  running 
north  into  the  Maj  Borholi  at  camp  No.  2.  Here  the  rocks  were  dipping  at  high 
angles  to  the  south,  and  the  following  beds  were  exposed,  in  descending  order : — 

Liglit  coloured  qunttzitic  sandstones,  much  jointed  .  .         about  20     0 

iSluiles  with  bands  of  sandstone  1  to  2  feet  thick    .  .  .  .  46     0 

Coal,  ftiirly  constant  in  thickness  .....>  16 

Black  ihnles     .         .  .         .         .  .         .         ,         .         .  8    0 

Dark  grey  sandstone 2     0 

Ui&rd  dark  coloured  sandv  shaUs  .•••••  80 
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Ft.  Ing. 
Con],  tbickness  variable,  much  crnshed  .         .         .  over      1    Q 

Light  grey  coarse  qnartzite  with  striugs  of  flaky  coal      ...  60    0 

Dark  coloured  snndy  shales         .         .  .         .  .  .   ^    ^ 

Coarse  hard  grey  quartzitic  landstone  ....        about    8    0 

Light  coloured  shaly  sandstone  ......  60 

Blnck  shales,  centre  portion  very  carbonaceous       ....  40 

Soft  grey  micaceous  sandstone    •         •  14>    0 

Hard  dark    coloured  micaceous  sandstone  and  sandy    shales 
with  a  thin  seam  of  flaky  coal  at  the  base .....  25    0 

Hard  grey  quartzitic  standstone  .....  ? 

Above  this  section  slips  have  occurred  in  the  sides  of  the  gorge,  and  where  the 
rocks  appear  again  they  are  so  mnch  contorted  and  crashed  that  it  is  impossible 
to  identify  the  different  beds,  or  to  form  any  correct  estimate  of  the  thickness  of 
the  whole  series.  The  Borholi  above  the  camp  runs  along  the  strike  of  these 
beds,  and  outcrops  of  carbonaceous  shale  and  coal  occur  at  intervals  for  about 
2  miles  up  the  river ;  outcrops  also  occur  on  the  north  bank.  On  the  return  route 
from  Jamiri  to  Balukpung,  about  8  miles  to  the  west,  I  was  unable  to  identify 
this  band  of  coal-bearing  rocks  with  certainty  owing  to  the  dense  jangle,  but 
near  the  camp  between  Jamiri  and  the  Borholi,  we  crossed  some  carbonaceous 
shales  on  the  same  line  of  strike  which  are  probably  a  part  of  this  series.  These 
coal-bearing  rocks  are  identical  in  position  and  composition  with  the  Damudas 
described  by  Mr.  Mallet  in  the  Sikkim  area,  and  found  by  Colonel  Godwin. 
Austen  to  the  east  in  the  Daphla  hills. 

Prom  camp  No.  2  the  path  led  over  a  jungle- covered  ridge  to  the  north, 
rising  to  4,000  feet  above  the  Maj  Borholi,  and  descended  about  3,000  feet  to  the 
Tenga  Pani.  Blocks  of  a  micaceous  slaty  schist  were  common  on  the  path,  and  in 
the  Tenga  Pani  this  rock  was  seen  in  situ,  striking  east  and  west,  and  nearly  verti- 
cal. Some  of  the  beds  were  very  fine-grained  and  fissile,  and  might  do  for  roof- 
ing slate,  but  their  distance  from  the  plains  and  the  ruggedness  of  the  country 
between  render  them  practically  useless.  To  the  north  of  the  Tenga  Pdni  simi- 
lar slaty  schists  form  the  ridge  on  which  the  Aka  villages  Mahdis  and  Labris 
vte  situated,  rising  to  6,000  feet  above  sea  level,  and  extend  to  the  west  to  and 
beyond  the  village  of  Jamiri,  where  they  are  silvery  greenish  mica  schists,  some- 
times slightly  talcose.  These  rocks  are  probably  the  equivalents  of  the  Daling 
slates  and  schists  of  Sikkim,  but  I  nowhere  found  any  dolomitic  beds  or  repre- 
sentatives of  the  Baxa  beds  as  described  by  Mr.  Mallet.  And  as  I  found  no  sec- 
tions showing  the  junction  of  the  Damudas  and  Dalings,  I  cannot  throw  any 
light  upon  the  question  as  to  which  of  these  series  is  the  older. 

As  to  the  practical  importance  of  the  coal  seams  in  the  Damudas,  yevy  little 
need  be  said.  Even  if  the  seams  were  thick  enough  to  be  worked,  and  not  broken 
up  and  crushed  as  they  are,  their  distance  from  the  plains  and  the  difficulties  of 
transport  would  prevent  their  being  worked  with  profit,  especially  as  there  are 
mnch  larger  coal-fields  in  Assam,  and  more  easy  of  access,  which  have  never  been 
tonched  as  yet.  Even  in  the  Teesta  valley,  where  these  Damuda  beds  contain 
thicker  seams  of  coal  close  to  a  line  of  railway,  the  attempts  to  work  them  have 
80  far  resulted  in  failure,  principally  owing  to  the  crushed  condition  in  which  the 
coal  occurs,  and  the  consequent  necessity  for  a  costly  proceKi  to  consolidate  it. 
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Of  other  inineral[prodDct8  the  country  appears  to  contain  little  or  none.  The 
tertiary  rocks  contain  a  little  lime  which  is  here  and  there  deposited  as  tufa  by 
streams  on  the  face  of  clifPs,  and  doubtless  there  are  layers  of  lignite,  but  neither 
of  these  exist  in'snfficient  quantity  to  be  of  any  use. 


On  the  alleged  tende7icy  of  the  Arakan  Mud  Volcanoes  to  burst  into  eruption  most 
frequently  during  the  rains ;  hy  F.  R.  Mallet,  Deputy  Superintendent ^  Qeologi' 
cal  Survey  of  India. 

On  the  10th  December  1884i  an  eruption  occurred  from  one  of  the  Chedaba 
Mud  Volcanoes,  concerning  which  we  have  not  as  yet  received  any  information 
officially.  It  was,  however,  witnessed  by  Captain  H.  Q.  Greft,  Commander  of 
the  British  India  Steam  Navigation  Company's  vessel  Oooonadaj  while  passing 
through  Cheduba  Straits,  and,  in  a  letter  received  from  him  on  the  subject,  Captain 
Creft  describes  the  eruption  as  having  been  "  of  very  short  duration,  not  more 
than  eight  minutes,  but  while  it  lasted  the  flames  must  have  been  quite  400  feet, 
accompanied  with  large  volumes  of  smoke.*' 

As  mentioned  in  a  previous  volume,  ^  a  notion  is  prevalent  amongst  the  Ara- 
kdn  Islanders  that  eruptions  from  the  mud  volcanoes  occur  more  frequently  dur- 
in g  the  rains  than  at  other  times  of  the  year.  Were  such  an  idea  confined  to  the 
islands  in  question,  it  might  possibly  not  be  worth  much  investigation,  but  a 
very  similar  one  is  entertained  with  reference  to  the  mud  volcanoes  of  Java, 
which  are  said  to  explode  most  violently  in  the  wet  season.  The  main  object  held 
in  view  in  recording  the  Arakan  eruptions  is  the  collection  of  sufficient  materials 
for  putting  the  truth  of  such  supposed  periodicity  to  the  test.  To  generalise 
with  safety,  a  far  more  extended  record  must  be  available  than  exists  at  present, 
but,  pending  the  growth  of  such,  it  may  be  of  some  interest  to  place  together 
the  materials  which  have  been  collected  up  to  the  present  time.  Altogether  the 
dates  of  13  eruptions  are  accurately  known. 


Locality  of  Volcaito. 

Date  of  EraptipD. 

Beference. 

Nenr  Kynnk  Pyn        ..... 

26th  Ang.  1833 

Vol.  XI,  p.  197. 

Ditto                ..... 

3-4  A.M.,  2.3ril  March  1839    . 

Ditto. 

Ditto                

11  P.M.,  6th  Feb.  1848 

Ditto. 

Snbmnrine,  n  little  S.  of  Fal»e  Island     . 

7  or  8  A.M.,  26th  July  1843  . 

Vol.  XI,  p.  198. 

Submnrine,  S.  f  E.  from  W.  Barongn  Islnnd  . 

6  or  7  P.M.,  2nd  Jan.  1845     . 

Ditto. 

Near  Eynnk  Pyn         •         .         •        •         • 

8-45  P  M.,  25Ui  Oct.  1846     . 

Vol.  XI,  p.  199. 

Near  Pea-lay*i)a,  B4mri  Island    -. 

7  A.M.,  19tb  March  1878  *    . 

Vol.  XII,  p.  70. 

8.  of  Cheduba   ? 

12th  Mnrch  1879     . 

Vol.  XIII,  p.  206. 

Near  centre  of  Cbednba       .... 

8  A.M.,  27th  Feb.  1881 

Vol.  XIV.  p.  196. 

South  part  of  Cheduba         .... 

7-55  A.M.,  3lBt  Dec.  1881     . 

Vol.  XV.  p.  141. 

Minbyin  Circle,  Cbednba     .          •          .          . 

23rd  March  1883     . 

Vol.  XVI,  p.  204. 

Minbyin  Circle,  Cheduba  (same  Vol.   as  that 

8  A.v„  28th  April  1884 

Vol.  XVII.  p.  142. 

of  31-12.81). 

Cheduba            ...... 

10th  Dec.  1884       . 

Vol.  XVIII,  p.  124. 

>  Vols.  XI,  p,  201,  and  XII,  p,  70. 

'  There  is  no  reason  to  suppose  that  emptions  were  less  frequent  between  1846  and  1878  thnn 
before  and  after  those  dates,  the  gap  being  doubtless  doe  merely  to  the  imperfection  of  the  record. 
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In  the  following  table  are  given  the  number  of  eruptions  that  occurred  in  each 
month,  and  the  average  monthly  rainfall  at  Kyauk  Pyu  (deduced  from  the  obser- 
vations of  17  years)  ^  : — 


In  Janunry  ...... 

„  February  ...... 

„  March  ...... 

»  April 

ff  jfflay  .  .  •  .  •  . 

,t  Jnne  ...... 

»  Joly  

„  Augnst  ...... 

„  September  ...... 

H  October  ...... 

rt  November  ...... 

„  December  ...... 

Total 


blons. 

Arerogo  HoDthly 
Baiufall. 

1 

•10 

2 

•06 

4 

•80 

1 

•96 

0 

1012 

0 

41-72 

1 

46-62 

1 

39*39 

0 

21-23 

1 

10-41 

0 

419 

2 

•34 

13 


176-44 


From  this  it  appears  that,  out  of  an  annual  rainfall  of  175*44  inches,  173*68 
inches  fall  in  the  seven  months  between  the  beginning  of  May  and  the  end  of  Nov- 
ember, while  only  1*76  fall  in  the  five  months  between  the  1st  of  December  and 
end  of  April.  Of  the  13»eruption8  10  occurred  during  the  five  dry  months,  while 
only  three  took  place  during  the  seven  wet  ones.  The  observations,  therefore, 
as  far  as  they  go,  tend  to  suggest  a  conclusion  exactly  the  reverse  of  that  held  by 
the  inhabitants  of  the  islands.  It  is  interesting  to  note  in  this  connection  that 
(as  remarked  by  M.  Dubois  de  Montp6reuz)^  out  of  six  eruptions  from  the  mud 
volcanoes  near  the  entrance  to  the  sea  of  Azov,  five  occurred  between  the  begin- 
ning  of  February  and  the  10th  of  May,  or  at  just  the  time  of  year  when  the  dates 
given  seem  to  indicate  that  eruptions  from  the  Arak^n  volcanoes  are  most  fre- 
qnent. 

Although  scarcely  capable  of  being  regarded  as  more  than  a  curious  coinci- 
dence, one  cannot  but  notice  the  large  proportion  of  eruptions  which  have  occur- 
red within  an  hour  or  two  of  sunrise  or  sunset.  At  night,  and  during  the  hottest 
hours  of  the  day,  when  people  are  less  out  of  doors,  the  chance  of  an  eruption 
escaping  notice  is  perhaps  somewhat  greater  than  at  other  times. 

Another  point  attracting  the  attention  is  that,  while  several  of  the  earlier 
emptions  took  place  near  Kyauk  Pyu,  nearly  all  the  later  ones  have  burst  forth  in 
Chednba,  suggesting  that  the  main  focus  of  activity  may  have  shifted  during  the 
last  few  decades.  But  the  list  is  so  imperfect,  and  so  many  eruptions  may  have 
escaped  record,  that  any  generalisation  must  be  regarded  with  the  gre&tesi  cau- 
tion. 


'  Report  on  the  meteorology  of  India  in  1882,  p^  120. 
•  Vol.  XI,  p.  201.    Geological  Observer,  p.  475. 
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Analyses  of  Phospbatic  Nodules  and  Rock  from  Mussooree ;  hy  F.  R.  Mallet, 

Deputy  S^tjperintendetit,  Geological  Survey  of  India, 

In  the  last  volume  of  the  Records^  an  account  is  given  of  the  discovery,  by 
the  Rev.  J.  Parsons  and  Dr.  Warth,  of  phosphatic  nodules  and  rock  at  Mussooree. 
Their  chemical  examination  was  taken  up  by  my  colleague  Mr.  E.  J.  Jones,  who 
made  qualitative  analyses  of  both  materials,  and  had  commenced  quantitative  ones, 
when  a  severe  illness  obliged  him  to  suspend  the  work,  which  he  was  subsequently 
unable  to  resume  owing  to  his  leaving  Calcutta  for  work  in  the  field.  As  soon  after 
my  return  from  furlough  as  other  duties  permitted,  therefore,  I  submitted  (12  of) 
the  nodules  and  the  rock  to  quantitative  analysis,  with  the  results  given  below.'  Mr. 
Jones'  estimations  of  the  phosphoric  acid  (the  only  constituent  he  weighed)  agree  ■ 
'with  those  now  given  within  one  or  two  per  cent.,  a  result  as  close  as  could  be 
expected  from  the  analysis  of  two  difEerent  samples.  How  far  the  discrepancy  (in 
as  far  as  the  relative  proportions  of  alumina  and  lime  are  concerned)  between  the 
composition  inferred  from  Mr.  Jones'  qualitative  examination,  and  that  given 
below,  should  be  ascribed  to  want  of  equality  of  composition  in  the  different 
samples  operated  upon,  and  how  far  to  undue  reliance  being  placed  on  mere 
qualitative  results,  which  circumstances  prevented  being  checked  by  quantitative 
estimations,  is  perhaps  open  to  question. 


Nodules. 

Rock, 

Phosplionc  anhydride     . 

.         • 

• 

34^70  = 

tricalcic  phosphate  d0^16  =»  tricalcic  phosphate 

• 

75-76.              ,                    66-84. 

Lime             .         ... 

• 

46^4.2 

.  39  21 

Magnesia 

• 

•30 

.        55 

Alamina 

) 

3-50 

(     5-58 

Oxide  of  iron 

I     2-68 

Soluble  silica 

« 

•20 

•36 

Insoluble  siliceous  matter 

1 

957 

.  1606 

Barinm  sulphate    . 

Carbonaceons  matter 

« 

•98 

.       -92 

Loss  on  heating  to  lOOC" 

• 

•82 

.       -63 

Carbonic  acid,  snlphnric 

anhydride, 

fluo- 

401 

.     3-96 

line,  undet,  and  loss. 

b 

1 

10000 

100-00 

The  amount  of  carbonic  acid  and  fluorine  in  the  nodules  is  greater  than  in  the 
rock,  only  traces  of  fluorine  occurring  in  the  latter.  This  element  was  not  esti- 
mated separately,  and  only  a  portion  is  included  amongst  the  last-mentioned  con- 
stituents. There  is  a  somewhat  considerable  quantity  of  barium  sulphate  in  the 
rock,  much  more  than  in  the  nodules. 

Both  substances,  and  especially  the  nodules,  are  of  high  standard  as  mate- 
rials for  the  manufacture  of  artificial  manure. 

*  Page  198. 

s  It  is  unfortunate  that  the  estimation  of  lime,  given  at  page  64,  which  was  made  at  a  time  when 
I  was  too  fully  occupied  to  undertake,  or  fully  supervise  the  work,  was  pablished.  The  result, 
owing  to  the  method  employed,  was  not  supposed  to  give  more  than  a  rouKh  approximation,  although, 
of  course,  the  great  discrepancy  between  the  amount  then  obtained  and  that  given  below  must  be 
)iue  to  some  error  in  analysis.  For  this,  however,  the  operator  is  in  no  way  blameable^  as  he  was 
quite  a  beginner  at  such  work. 
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ADDITIONS  TO  THE  MUSEUM. 

Fboh  Ist  Januabt  to  31  st  Mabch  1885. 

Two  fossil  tartles,  lower  eocene ;  one  from  10  ft.  below  the  coal  at  Nila,  Salt  Range,  Panjab ; 
and  the  other,  from  above  coal  outcrop  at  Hillanwala  near  Daudot,  Punjab. 

PfiBSBNTED  BT  Db.  H.  WaBTH. 

Foar  specimens  of  fossil  plants  from  Giridih,  Bengal.  ■ 

Pbbsbntbd  by  Mb.  J.  Wood-Mason. 

Specimen  of  a  mottled  qaartzite  from  the  Kharakpur  hills,  Monghyr. 

P&E8ENTBD  BY  Mb.  D.  MoBIBS,  DuBBHANOA. 

Two  specimens  of  native  gold  in  calcspar,  one  with  Malachite,  said  to  be  from  one  of  the 
Khetri  mines,  Rajputana. 

Pbbsbntbd  bt  Db.  J.  R.  Stbatton,  Political  Aobnt,  Jbtpub. 

Two  specimens  oF  grindstones  of  Bartfkar  sandstone,  one  measuring  3'  6^  diameter  and  5^ 
thick,  and  the  other  10^  diameter  and  2*  thick,  quarried  at  Bar4kar. 

Pbbsbvted  bt  thb  Bbvgal  Stonb  Co.  Ld.,  Howbah. 

A  specimen  of  blende  from  Kashmir. 

Pbbsektbd  bt  Libut.-Col.  Sib  Oliybb  St.  Johk,  K.C.S.I.,  R.E.,  Ka8HMIb« 

Specimens  of  mica,  garnet,  epidote,  egeran,  &c.,  from  the  Tonk  district, 
Pbbsbvtbd  bt  Libut.-Col.  W.  J.  W.  Muib,  Political  Aobnt  in  Habowtbb  and  Tonk. 


ADDITIONS  TO  THE  LIBRARY. 

f  Fbom  Ist  Januabt  to  318t  Mabch  1885. 

Titlet  of  Boohs,  Donors. 

AndbA,  George  G.^-'A  descriptive  treatise  on  mining  machinery,  tools,  and  other  appliances 

nsed  in  mining.    2  Vols.    4°  London,  1877— 1878. 

Batlbt,  Thomas. — The  assay  and  analysis  of  Iron  and  Steel,  Iron  ores  and  Fuel.  8**  London, 

1884. 

Baubbman,  Hilary. — Text-book  of  descriptive  Mineralogy.    8°  London,  1884. 

Booth,  Af.  X. — The  Marble- workers'  Manual.      Designed  for  the  use  of   marble- workers, 

builders,  and  owners  of  houses.  Translated  from  the  French.  8^  Philadel- 
phia, 1876. 

Bbonn's  Klassen  nnd  Ordnungen  des  Thier-Reichs.    Band  YI,  Abth.  lY,  Aves,  Lief.  10 ;  and 

Band  I.  Protozoa,  Lief.  28.    8^  Leipzig,  1885. 

Bdch,  Leopold  von. — Gesammelte  Schriften.     Band  lY,  heft.  1—2.    8"*  Berlin,  1885. 

BucHBB,  Charles  JE. — Some  abnormal  and  pathologic  forms  of  fresh-water  shells  from  the 

vicinity  of  Albany,  N.Y.    8°  Para.     Albany,  1884.  Thb  Authob. 

Chablbton,  Arthur   G. — Tin :  describing  the  chief  methods  of  mining,  dressing,   and 

smelting  it  abroad.  With  notes  upon  arsenic,  bismuth,  and  wolfram.  8" 
London,  1884. 

Cotta,  Bemhard  von. — Rocks  classified  and  described :  a  treatise  on  lithology.    An  English 

edition  by  Philip  Henry  Lawrence,  with  English,  German,  and  French 
synonyms,  revised  by  the  author.    New  edition.    8°  London,  1878. 

Bacosta,  Lewis, — A  translation  of  the  Deewan  Pnsund,  being  a  treatise  on  Agriculture  and 

Revenne  Accounts ;  to  which  is  appended  a  short  essay  on  husbandry  as 
applicable  to  the  province  of  Behar.    4°  Calcutta,  1824. 
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Titles  of  Books,  Donors, 

I)  AN  A,  JSdward  Salisbury. — A  text-book  of  Mineralogy.     With  an  extended  treatise   on 

Grystallographj  and  Physiciil  Mineralogy.   lOtfa  edition.    8**  New  York, 

1884. 
Davidson,  Thomas, — Monograpli  of  the  British  Fossil  Brachiopoda.     Vol.  V.,  pt,  3.  (Pal. 

Soc.)     4**  London,  1884. 
DupoNT,  Edouard. — La  chronologie  g^ologique.   8**  Pam,  Bruielles,  1884.      The  Authox. 
Gabdnkb,  John  SlarJcie. — Monograph  of  the  British  Eocene  Flora.     Vol.  11,  part  2.   (Pal. 

Soc.)     4P  London.  1884. 
Graham,  David  Allan, — A  treatise  on  the  comparative  commercial  values  of  gas  coals  and 

caunels.    8*^  London,  1882. 
Haoa,  a, — Nederlandsoh  Nienw  Guinea  en  de  Papoesche  Eilanden.     Historische  Bijdrage 

1500-1883.    8°  Batavia,  1884.  The  Bataviak  Society. 

Hue,  M. — Travels  in  Tartary,  Thibet,  and  China,  during  the  years   1844-5-6.     Translated 

from  the  French  by  W.  Hazlitt.,  2  Vols.    8**  London,  no  date. 

Jones,  T.  Rupert^  Kibkbt,  James  TF.,  and  Bbadt,  George  <^.— Monogi-aph  of  the  British 

Fossil  Bivalved  Entomostraca  from  the  Carboniferous  formations.  Part  I, 
No.  2  (Pal.  Soc.)    4""  London,  1884. 

Kinaban,  G.  £r.— Notes  on  some  of  the  Irish  Crystalline  Iron  Ores.  8^  Pam.  Dublin,  1884 

The  Authob. 

„  Notes  on  the  earthquake  that  took  place  in  Essex  on  the  morning  of 

,  April  22, 1884.    8**  Pam.  Dublin,  1884.  The  Authob. 

KiBKPATBicK,  Colonel, — An  account  of  the  Kingdom  of  Nepanl,  being  the  substance  of  ob- 
servations made  during  a  mission  to  that  country  in  the  year  1793.  4* 
London,  1811. 

Kebl,  j&rufio.^The  Assayer's  Manual.    An  abridged  treatise  on  the  docimastic  examination 

of  ores,  and  furnace  and  other  artificial  products.  Translated  from  the 
German  by  William  T.  Branut,  and  edited  by  William  H.  WahL  8° 
Philadelphia,  1883. 

Ltdbkekb,  hichard, — ^Catalogue  of  Vertebrate  Fossils  from  the  Siwaliks  of  India  in  the 

.  Science  and  Art  Museum,  Dublin.    4^  Pam.  Dublin,  1884. 

The  Authob. 

„  Note  on  the  distribution  in  time  and  space  of  the  genera  of  Siwalik 

Mammals  and  Birds.    8**  Pam.  London,  1884. 

The  Authob. 
„  Note  on  a  new  species  of  Merycopotamns.    8°  Pam.  London,  1884. 

The  Authob. 

„  Note  on  three  genera  of  fossil  Artiodactyla,  with  description  of  a 

new  species.    8^  Pam.  London,  1886.  The  Authob. 

Ltmak,  Benjamin  Smith. — Topography  of  the  Punjab  Oil  Begion.    8**  Pam.  Philadelphia, 

1872.  The  Authob. 

Mabvin,  Charles, — The  petroleum  industry  of  Southern  Russia.    4°  London,  1884. 
Noetlino,  JF. — Die  Fauna  der  baltischen  Cenoman-Geschiebe.    4!*  Berlin,  1885. 

The  Authob. 

Paldontologie  Fran^aise,  l'^.  S^ne,  Animaux  Invei-tebres.    Terrain  Jurassique,  livr.  72-75. 

8**  Paris,  1884. 
Quekstedt,  Ft,  ^u^.—Handbuch  der  Petrefaktenkunde.    Auflage  III,  Lief.   19-20.    8* 

Tubingen,  1884. 
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TiiUi  of  Books.  Donors, 

Rkius,  ilisSe. — Nonvelle  G^ographie  Unirerselle  Vol.  X.    L'Afrique  septentrionale.  Ire 

partie,  Bassin  da  Nil.    8**  Paris,  1884. 
Schwabs,  C  t>oii.-~Beport  on  the  financial  proepects  of  iron  working  in  the  Chanda  diatriot, 

flsc.  Pam.  Calcutta,  1882. 

„  Beporte  on  iron  working  in  the  Raniganj  Bub-division  of  the 

district  of  Bnrdwan  in  Bengal,  flse.  Pam.  Simla,  1882. 
SiLWTK,  Alfred  B.  C  AND  Dawsoh,  George  M, — Desoriptiye  sketch  of  the  physical  geo- 
graphy and  geology  of  the  Dominion  of  Canada.    With  geological  map. 
8^  Pam.  Montreal,  1884.        Gbol.  and  Nat.  Hist.  Sitbybt  of  Canada. 

SiRMAN,  Sir  William  JET. — A  jonrney  throagh  the  kingdom  of  Onde  in  1849-1860 ;  by 

direction  of  the  Bight  HoU'ble  the  Earl  of  Dalhonsie,  Governor  General. 

With  private  correspondence  relative  to  the  annexation  of  Onde  to  British 

India.  2  Vols.    8"  London,  1868. 
Sntth,  22  jSrottjrA.— *Hints  for  the  guidance  of  surveyors  and  others  in  collecting  spedmens 

of  rocks,  hA,    S"  Pam.  Melbourne,  1871. 
Spok,  Ernest  ^  F,  N, — Dictionary  of  Engineering,  Civil,  Mechanical,  Military,  and  Naval. 

With  technical  terms  in  French,  German,  Italian,  and  Spanish.    3  Vols., 

Edited  by  Byrne  and  Spon.    8^  London,  1874 
„  Supplement  to  Spon's  Dictionary  of  Engineering,  Civil,  Mechanical,  Mili- 

tary, and  Naval.    Edited  by  Ernest  Spon.    8*  London,  1881. 
Snaa,  Michael. — An  account  of  an  embassy  to  the  Kingdom  of  Ava  sent  by  the  Governor 

General  of  India  in  the  year  1796.    4^  London,  1800. 
Thomson,  Sir  C,  Wyville,  and  Mubbat,  John. — Report  on  the  scientific  results  of  the 

voyage  of  H.  M.  S.  *' Challenger "  during  the  year  187  3-1876.    Vol.  X. 

Zoology.  4!*  London,  1884.  Sbcbbtaby  of  Statb  fob  India. 

Tbton,  Oeorffe  W. — Structural  and  Systematic  Conchology :  an  introduction  to  the  study  of 

theMoUusca.    Vols.  1—3.    8"*  Philadelphia,  1882-1884. 

WooDWABD,  Henrff. — Monograph  of  the  British  Carboniferous  Trilobites.  Part  2.  (Pal  Soo.) 

4t  London,  1884. 

Wbigbt,  2%oma«.— Monograph  on  the  Lias  Ammonites  of  the  British  Islands.    Part  7. 

(Pal.  Soo.)    4'*  London,  1884. 


PERIODICALS,  SERIALS,  Ac. 

American  Journal  of  Science.  3rd  Series.    Vol.  XXVIII,  No.  16S,  to  Vol.  XXIX,  No.  170. 

8^  New  Haven,  1884-1885.  Thb  Editobs. 

American  Naturalist,  Vol.  XVIII,  No.  11.    8"  PhiUdelphia,  1884. 

Annabn  der  Physik  und  Chemie.    Neue  Folge.    Band  XXIII,  Heft  4,  and  Band  XXIY, 

Noe.l— 2.    8*  Leipzig.,  1884-1886. 
Annales  des  Mines.    8"'  Sdrie.    Vol.  VI,  livr.  4.    8*"  Piiris,  1884.    L'Adkins.  db8  Minxs. 

Annales  des  Sciences  Natorelles.    Botanique.    6""  S^rie.    Tome  XIX,  Nos.  1—- 6,  and  XX, 

Nos.1— 3.    8^  Paris,  1884. 
Anuaks  des  Sciences  Naturelles.  Zoologie  et  PftMontologie.  G^'Stfrie.  Tome  XVII,  Nos.  3—4, 

8^  Paris,  1884. 
Annals  aud  Magazine  of  Natural  History.    6'^  Series.    Vol.  XV,  Nos.  85—80.    8^  London, 

1885. 
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Titles  of  Books,  Damors. 

Archiv  fiir  Naturgeschichte.    Jahrg.  XLVIIF,  Heft  6,  and  L,  Heft  3—4.    r  Berlin,  1883 

and  1884. 
AthensBum.    Nob.  2981—2992.    4''  London,  1884-1885. 
Beiblatter  zu  den  Annalen  der  Physik  und  Chemie.     Band  VIII,  No.  12,  and  Band  IX, 

No.  1.    8"^  Leipzig,  1884*1885. 
Biblioth^ae  Universelle.     Archives  des  Sciences  Physiques  et  Naturelles  S*"*   P^riode. 

Tome  XII,  Nos.  10—11.    8"  Geneve,  1884. 
Biblioth^ne  Uniyerselle  et  Revue  Suisse.    3°"*  P^riode.    Tome  XXIY,  Nos.  71—72.    8^ 

Lausanne,  1884. 
Botanisoher  Jahresbericht.    Jahrg.    X,  Abth.  I,  Heft  1.    8^  Berlin,  1884' 
Botanisoheii  Central  Blatt.    Band  XX,  Nos.  10—13,  and  XXI,  Nos.  1—8.    8*"  Cassel,  1884- 

1885. 
Chemical  News.    Vol.  L,  No.  1307,  to  Vol.  LI,  No.  1318.    4''  London,  1884-1885. 
Colliery  Guardian.    Vol.  XLVIU,  No.  1249,  to  Vol.  XLIX,  No.  1200,  fol.  London,  1884- 

1885. 
Das  Ausland.    Jahrg.  LVH,  Nos.  48—52,  and  LVIII,  Nos.  1—8.    4"  Stuttgart,  1884-1885. 
Geological  Macrazine.    New  Series,  Decade  3,  Vol.  II,  Nos.  1 — 2.    8°  London,  1885. 
Iron.  Vol.  XXIV,  Nos.  622,  to  Vol.  XXV,  No.  633.    Fol.  London,  1884-1S85. 
Journal  de  Conchyliolo^^ie.  3"'  Stfrie.    Tome  XXFV,  No.  3.     8**  Paris,  1884. 
Journal  of  Science.    3rd  Series,  Vol.  VI,  Nos.  131-132.    8^  London,  1884.     The  Editob. 

London,  Edinburgh  and   Dublin  Philosophical  Magazine  and  Journal  of  Science.    5th 

Series,  Vol.  XIX,  Nos.  116—117.    8**  London,  1885. 
Mining  Journal,  with  Supplement.    Vol.  UV,  Nos.  2572,  to  Vol.  LV,  Nos.  2583.     Fol. 

London,  1884—85. 
NatursB  Novitates.    Nos.  23—25  (1884,)  and  Nos.  1—3  (1885.)     8**  Berlin,  1884—1885. 
Nature.    Vol.  XXXI,  Nos.  789—800.    4''  London,  1884-  -1885. 

Neues  Jahrbuch  fur  Mineralogie,  Geologie  und  PaliBontologie.    Jahrg.  1885,  Band  I,  Heft  1. 

8*"  Stuttgart,  1B85. 
fiir  Mineralogie,    Geologie  und  Palseontologie.     Beilage-Band  III,  Heft 
2.    h""  Stuttgart,  1884. 
Fetermann's  Geographische  Mittheilungen.    Band  XXX,  No.   12,  and  XXXI,  Nos.  1—2. 

4''  Gotha,  1884—1885. 
„  Mittheilungen.    Supplement,  No.  76.    4*"  Gotha,  1884. 

Professional  Papers  on  Indian  Engineering.  3rd  Series,  Vol.  II,  No.  8.  Flso.  Boorkee,  1884. 

Thohabon  CoLLsas  of  Civil  Enoihbbbing. 

Quarterly  Journal  of  Microscopical  Science.    New  Series.    Vol.  XXV,  No.  97.    8°  London, 

1885. 
Zeitschria  far  Naturwissenschaaen.    Folge  4.    Band  III,  Heft  5.    8°  Halle,  1884. 


GOVERNMENT  SELECTIONS,  BEPOBTS,  &c. 

A88AK. — Beport  on  the  administration  of  the  Province  of  Assam  for  1883-84.    Else.  Shillong, 

1885.  Chief  CoMHissioirBB  of  Assam. 

Bbnoal.— Quarterly  Bengal  Army  List  for  January  Ist,  1885,  No.  91.    8°  Calcutta,  1885. 

GOVBBVKBKT  PbINTIK^  OfFICB. 

„         Report  on  the  administration  of  Bengal,  1883-84.    Flsc.  Calcutta,  1885. 

Gotkbhmbvt  of  Bbnoal. 
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fioxBA^ir.— Gazetteer  of  the  Bombay  Preeidenpy.    Vols.  XXI— XXIII.    &"  Bomlwy,  1885. 

BOXBAT  6OVBBNMBHT. 

»  Report  on  the  administration  of  the  Bombay  Presidency  for  the  year  1883-84. 

Flsc.  Bombay,  1884.  Bombat  Goybbnmbht. 

i>  Selectiom  from  the  Beoords  of  the  Bombay  Gbvemment.    New  Series,  No.  165. 

FIso.  Bombay,  1885.  Bombay  GovBBiriiBHT. 

^>m8s  BuBKA.— Beport  on  the  administration  of  British  Burma  during  1888-84.    Flsc. 

Rangoon,  1884.  Chibf  CoHxissioirBB,  British  Bubma. 

'^'^* — Annual  statement  of  the  trade  and  navigation  of  British  India  with   Foreign 

countries  and  the  coasting  trade  of  the  several  Presidencies  and  Provinces, 
in  the  year  ending  Slst  March  1883,  No.  17.    4''  Calcutta,  1885. 

GOVBBHIUIHT  OF  IlTDIA. 

"  Progress  report  of  the  forest  administration  in  Ajmere-Merwara  for  1883-84.     By 

A.  E.  Lovrrie.    Flsc.    Simla,  1884.  Uohb  Dbpabtmbkt. 

^port  on  the  administration  of  the  Hyderabad  Assigned  Districts  for  1883-84. 
Flsc.  Hyderabad,  1884.  Rbsidbnt,  Hydbbabad. 

Meteorological  observations  recorded  at  six  stations  in  India  in  1884,  reduced  and 
oonected.    June  to  October  1884.    4!*  Calcutta,  1885. 

Mbtbobolooical  Rbpobtbb  to  Govbbnmbht  of  India. 

,,       fieport  on  the  Mysore  census  of  1881.    By  Lewis  Rice.     Flsc.  Bangalore,  1884. 

Rbvbkub  and  Agbicultubal  Dbpabtmbnt 

a 

Ijidia.— Selections  from  the  Records  of  the  Government  of  India,   Foreign  Department,  No* 

199.    Flsc.  Calcutta,  1885.  Fobbioit  Dbfabtubnt. 

Madias.— Report  on  the  administration  of  the  Madras  Presidency  during  1883-84.    Flsc. 

Madras,  1884.  Madbas  Govbbnmbht. 

Pl7BJAB.~-District  Gazetteers :  Ambala ;  Amritsar ;  Bannu ;  Delhi ;  Dera  Ghazi  Khan ;  Dera 
Ismail  Khan  ;  Ferozepore ;  Gujranwala  ;  Gujrat ;  Gurdaspur ;  Gurgaon ; 
Hazara ;  Hisar ;  Hoshiarpur ;  Jalandhar ;  Jhang ;  Jhelam ;  E[angra ;  Lshore ; 
Montgomery ;  Multan ;  MuzafiFargarh ;  Peshawar ;  Rawalpindi ;  Rohtak ; 
Shahpur ;  Sialkot.    8°  Lahore  and  Calcutta,  1883-84.    Pub  jab  Govbbkmbnt. 


TRANSACTIONS,  PROCEEDINGS,  Ac,  OF  SOCIETIES,  SURVEYS,  Ac. 

Batavia. — ^Notulen  van  bet  Bataviaasch  Genootschap  van  Kunsten  en  Wetenschappen.     Deel 

XXIL    Afl.  2— 3.    8""  Batavia,  1884.  Thb  Socibtt. 

„         Tijdschrifl  voor  indische  Taal-,Land-,en  Volken-kunde.    Deel  XXIX,  Afl.  5 — 6* 

8"*  Batavia,  1884.  Thb  Socibtt. 

BiLFAST* — Report  and  Proceedings  of  the  Belfast  Natural  History  and  Philosophical  Society, 

for  the  Sessions  1883-84.    S*' Belfast,  1884.  Thb  SociBrr* 

Bbbiiv. — Sitzungsberichte  der  Konig.     Preussisohen  Akademie  der  Wissenschaften  zu 

Berlin.    Nos.  18—39.    S"*  Berlin,  1884.  Thb  Aoadbict. 

0       Zeitschrift  der  Deutschen  geologischen  GeseUschaft.    Band  XXXYI,  heft  3.    8° 
Beriin,  1884.  Thb  Socibty. 

Bombat.— Journal  of   the  Bombay  Branch  of  the  Royal  Asiatic  Society.    Vol.  XVII, 

No.  44.     S""  Bombay,  1884.  Thb  Socibtt. 
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BosTOir.— Prooeeding^  of   the  Ameriean  Academy  of    Arts   and  Sciences.    New  aeriea. 

Vol.  XI,  pta.  1— 2.    8*  Boaton,  1883-84.  Thb  Aoabbkt. 

Bbbslau. — ^EinandBechzigater  Jahrea-Berioht  der  Sohleaischen  Geaellachafl  ffir  TaterUm- 

diache  Caltar.    8^  Breelan,  1884.  Thb  Socibtt. 

Bbussblb.— Bulletin  de  la  Sooi^t^   fioyale  Beige  de  Geographic.    Ann^e  YIII,  No.  6. 

8''  Brozellea,  1884  Thb  Socibtt. 

BaDAPBST.— Natnrhiatoriaehe  Hefte,  heraoagegeben  Tom  Uogariaohen  National  Museum- 
Band  YIII.    8"*  Badapeat,  1884.  Thb  Mubbum. 

BuBKOS  AiBBB. — Boletin  de  la   Academia  Nacional  de  Cienciaa  en  Cordoba  (Repnblioa 

Argentina).    Tomo.  YJ,  Noa.  2—4.    8''  Baenoe  Airea,  1884. 

Thb  Aoadbmt. 

CAi.ci7TTA.--Cata]ogae  of  the  library  of  the  Geological  Surrey  of  India.    By  Wm.  Robert 

Bion.    8*  Oalcutta,  1884.  Gbolooical  Subtbt  of  Ikdia. 

y^       .  Memoirs  of  the  G^logioal  Surrey  of  India,    Yol.  XXI,  pt.  2.    8*  Calcutta, 

1884.  Gbolooical  Subtbt  of  Ihdia. 

„  PalsBontologia  Indioa.    Series  X,  Yol.  Ill,  part  5,  and  Seriea  XIY,  Yol.  I,  part 

3,  faso.  4    4°  London  and  Calcutta,  1884 

Gbolooical  Subybt  of  IimiA. 

„  Beoorda  of  the  Geological  Surrey  of  India.    Yol.   XYIII,  pt.  1.    8**  Calcutta, 

1885.  Gbolooigal  Subybt  of  Ibdia. 

„         Catalogue  of  the  Preaidency  College  Library.    8*  Calcutta,  1882. 

Pbrbidbhct  Collbob. 

„  Catalogue  of  the  Library  of  the  UniTeraity  of  Calcutta.    8^  Calcutta,  1886. 

Thb  UirxTBBaiTr. 

„  Journal  of  the  Asiatic  Society  of  Bengal.    New  Series,  Yol.  LIII,  part  I,  Special 

number.    8^  Calcutta,  1884--1885.  Thb  Socibtt. 

„  Proceedings  of  the  Asiatic  Society  of  Bengal,  Noa.   10—11  (1884),  and  No.  1 

(1885).    8**  Calcutta.  1884—1885.  Thb  Socibtt. 

„  Surrey  of  India  Department    Notes  for  December  1884,  and  Jany.  to  Feby. 

1886.  Flsc.  Dehra-Dun,  1886.  Subybt  of  Ihdia. 

.,  Transactions  of  the  Agricultural  and  Horticultural  Society  of  India,  Yols.  I. — 

YI,  and  Yin.    8*  Calcutta,  1837-'184L 
Cambbidgb,  Mass. — Annual  Report  of  the  Curator  of  the  Museum  of  Comparative  Zoolc^y 

for  1883—84.    8"  Cambridge,  1884  Thb  Musbuk. 

„  Memoirs  of  the  Museum  of  ComparatiYc  Zoology.    Vol.  YIII,  No.  3, 

Yol.  X,  No.  3,  YoLb.  XIT  and  XIII.    4t  Boaton,  1883—1884. 

Thb  MusBUir. 

Dbbsdbn. — Sitzongsberichte  und  Abhandlnngen  der  naturwisaenschaftlichen  Gesellschaft 

Isia  in  Dresden.    Jahrg.  188  i.     Juli  bis  December.    S"*  Dresden^  1886. 

Thb  Socirbt. 

Hamilton,  Castada. — Journal  and  Proceedinga  of  the  Hamilton  Aasoriation.  Yol.  I,  part  1. 

8"  Hamilton.  1884  Thb  Acadbkt. 

Habbmbubo. — ^Beporta  of  the  second  Geological  Surrey  of  PennsyWania. 

Coal  Mining  (A.  C),  1883. 
Chester  County  (C4),  1883. 
Lehigh  and  Northampton  Counties  (D,,  I),  1883. 
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Habbisbvbo.— South  Mountain  Belt,  Berks  County  (D^  II),  1883. 
Sosquebanna  river  region  (G,),  1883. 
Warren  County  oil  regions  (14),  1883. 

Maps :    Adams  Co. ;   Franklin  Co. ;   Cumberland  Co. ;   South  Mountain 
(4  sheets). 
LiiGl.— Annales  de  la  Soci^t6  Q^logique  de  Belgique.     Vol.  XI.    8"*  Li^ge,  1883. 

'  The  Socibtt. 
Lor  Doir.— Journal  of  the  Anthropolopoal  Institute  of  Qreat  Britain  and  Ireland.    Vol. 

XIY,No.2.    STiondon,  1884. 

„         Journal  of  the  Society  of  Arts.    Vol.  XXXIII,  Kos.  1673—1683.    8''  London , 

1884—1885.  Thb  Socibtt. 

„  Proceedings  of  the  Royal  Geographical  Society.    New  Series.    Vol.  YI,  Nos. 

11—12.    8"  London,  1884.  Thb  Socibtt. 

„         Proceedings  of  the  Royal  Institution  of  Great  Britain.    Vol.  X,  part  3,  No.  77. 

8*"  London,  1884.  Thb  Imstitutb. 

,.         Quarterly  Journal  of  the  Geological  Society.    Vol  XL,  No.  160.    With  list  of 

Fellows  for  1884.    8"*  London,  1884  The  Socibtt. 

MiDBiD.^Boletin  de  la  Sociedad  Geografica  de  Madrid.    Tomo  XVII,  Nos.  4—6.    8* 

Madrid,  1884.  Thb  Socibtt. 

Mabchbrbb. — Transactions  of  the  Manchester  Geobgical  Society,    Vol.  XViil,  part  3. 

S"*  Manchester,  1884.  Thb  Socibtt. 

MoBTBBAL. — Geol.  and  Nat.  Hist.  Surrey  of  Canada.  Comparative  vocabularies  of  the  In- 
dian tribes  of  British  Columbia.  By  W.  Eraser  Tolmie  and  George 
M.  Dawson.    8*^  Montreal,  1881.  Thb  Subvbt. 

NBUCHiTBL.-*Bulletin  de  la  Soci^t^  des  Sciences  Naturelles  de  Neuchatel.    Tome  XIV.    8* 

Neuohatel,  1884.  Thb  Socibtt. 

Nbwcistis-oh-Ttkb. — Transactions  of  the  north  of  England  Institute  of  Mining  and 

Mechanical  Sngineers.    Vol.  XXXIV,  part  1.    8**  Newcastle-on-Tyne , 

1885.  Thb  Imstitutb. 

Nbw  Haybv. — ^Transactions  of  the  Connecticut  Academy  of  Arts  and  Sciences.    Vol*  VI* 

part  1.    8*  New  Haven,  1884.  Thb  Acadbmt. 

Pabis.— Bulletin  de  la  Socitft^  G^ologique  de  France.    B^,  S^rie  Tome  XII,  No.  8.     BP 

Paris,  1884^  Thb  Sooibtt. 

Fbiladxlphxa.— Journal  of  the  Academy  of  Natural  Sciences.    2nd  Series.    Vol  IX,  part 

1.    4''  Philadelphia,  1884.  Thb  Acadbmt. 

,,  Proceedings  of  the  Academy  of  Natural  Sciences.    Part  II.    8^  Philadel- 

phia, 1884.  Thb  Acadbmt. 

^  Proeeedings  of  the  American  Philosophical  Society.    Vol,  XXI,  No.  116, 

8^  Philadelphia,  1884.  Thb  Socibtt. 

'„  Journal  of  the  Franklin  Institute,  3rd  Series.  Vol.  LXXXVIII,  No.  6. 

and  Vol  LXXXIX,  Nos.  1—2.    8"  Philadelphia,  1884—1885. 

Thb  Institute. 
Pisa. — Atti  della  Sodeta  Toscana  di  Scienze  Natural! :  Processi  Verbali.    Vol.  IV,  pages 

125—146.    8"  Pisa,  1884.  Thb  Socibtt. 

Report  on  the  explorations  in  Great  Tibet  and  Mongolia,  made  by  A — ^k  in  1879 — 1882,  in 

oonneetion  with  tbe  Trigonometrical  Bianch  of  the  Survey  of  India.    Pre- 
pared by  J.  B.  N,  Hennessey.    Flsc.  Dehra  Dun,  1884. 

SuBTBT  of  India. 
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Bio  db  Janbibo.— Annaes  da  Eacola  de  Minafe  de  Oaro  Preto.    No.  3.    8°  Bia  de  Janeiro, 

1884.  Thb  School  ov  Mikss. 

St.  PBTBBSBUBa  —Bulletin  of  the  Geological  Commission.  Vol.  Ill,  Nos.  6—7.    8*  St. 

PetenbouTfif,  1884.  Thb  Commiwiok. 

u  M^moires  du  Comity  G^logiqne.    Vol.  I,  No.  9.    4**  Si.  Petersboarg 

1884.  Thb  CoMinaBioK. 

Salbm,  Mass.— Balletin  of  the  Essex  Institate.    Vols.  XV,  Nos.  7—9,  and  XVI,  Nos.  4— 

12.    8''  Salem,  1883—1884.  Thb  Ibshtuts. 

Sinoafobb.— Journal  of  the  Straits  Branch  of  the  Boyal  Asiatic  Society,    No.  13.    ST 

Singapore,  1884.  Thb  Socibtt. 

Spbinofibld. — Geologictd  Surrey  of  Illinois.    Vols.  V — ^VI.    Qeology  and  Palseontologj. 

8''  Springfield,  1873—1875.  A.  H.  Wobthbv. 

Stockholm. — Sveriges  Geologiska  Undersokning.    Ser.  Aa.,  Nos.  88 — 91 ;  Ab.,  No.  10, 

Ba.,  No.  4;  C,  Nos.  61—64  and  66.    8°  and  4''  Stockholm,  1883—1884. 

GbOLOGICAL  SUBTBY,  SWBBDBH. 

Stuttgabt.— Jahreshefte  des  Vereins  fur  vaterl&ndisohe  Naturkunde  in  Warttemberg,  Jahrg. 

XXXVII— XL.    8*^  Stuttgart,  1881-84. 
Stdnby.— Transactions  of  the  Boyal  Society  of  New  South  VTales  for  1869.  8"  Sydney,  1870. 

Teb  Sooibtt. 

ToEio.— Transactions  of  the  Seismological  Society  of  Japan.    Vols.  I,  pts.  1—2,  II,  V,  VI, 

and  VII,  part  2.    8*"  Tokio,  1880-84. 
ToBOVTO.— Proceedings  of  the  Canadian  Institute.    VoL  II,  No.  8,    8"  Toronto,  1884. 

Thb  Ibstitittx. 

ViBKHA.— Verhandlungen  der  k.  k.  geologischen  Beichsanstalt.    Nos.  16—18  (1884)  and 

Nos.  1—2  (1885).    ^  Wien,  1884^85  Thb  Ibstituts. 

Washikotoit.^ Annual  Beport  of  the  Board  of  Begents  of  the  Smithsonian  Institution  for 

1882.    8""  Washington,  1884.  Thb  Ihstitutb. 

„  Beport  of  the  Commissioner  of  Agriculture  for  1883.    8^  Washington,  1883. 

COMMISeXOKBB  OF  AgBICULTUBH. 

f,  Smithsonian  Contributions  to  Knowledge.    Vol.  XVIII.    4''  Washington, 

1873.  Thb  Ikbtituki. 

w  Smithsonian  Miscellaneous  C^>llections.    Vol.  XVI.    8"  Washington,  1880. 

Thb  Ihstitutb. 
n  United  States  Geological  Surrey.  Mineral  Besouroes  of  the  United  States, 

By  Albert  Williams.    8^  Washington,  1883. 

Unitbd  Statbs  Gbolooical  Subvbt. 

MAPS. 

Geological  and  topographical  map  of  the  oil  lands  of  Japan.    By  Benjamin  Smith  Lyman, 
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Part  8.]  1885.  [August, 


Notei  an  ihe  (Geology  of  the  Andaznan  TalandB,  ky  B.  D,  Oldham,  A.B.S.M. 

Oeologioal  Survey  of  India.    (With  a  map.) 

The  Andaman  Islands  form  a  small  gronp  extending  in  a  nearly  north  and 

south  direction,  between  the  parallels  of  10"  30'  and  Id"*  30' 
idhSSUS^^  "^*  ^^^     ^^^^  Latitude;  they,  or  at  least  the  four  or  five  northern 

islands,  iorm  a  range  of  low  hills  which,  if  we  look  merely 
to  the  height  above  sea  level,  nowhere  rise  to  more  than  2,500  feet,  but  if  we 
regard  the  continuation  of  the  land  slope  into  the  sea  on  either  side,  rise  to  the 
very  respectable  elevation  of  over  9,000  feet.  They  are  described  in  the  report  of 
the  Andaman  Committee,  where  it  is  stated  that  "  the  highest  land  wherever  seen 
is  on  the  eastern  side,"  and  that  "  the  watershed  is  therefore  chiefly  towards  the 
west,  and  consequently  it  is  on  that  side  of  the  island  that  the  marshy  locali- 
ties will  most  probably  be  found."  The  first  statement  is  true  enongh,  but  I  very 
much  doubt  the  accuracy  of  the  second.  In  the  South  Andaman  the  greater 
part  of  the  drainage  flows  into  the  creeks,  which  ultimately  lead  off  to  the  eastern 
shore,  and  on  the  Middle  and  North  Andaman,  where  the  creeks  are  not  to  be 
found,  the  bulk  of  fiie  drainage  seems  to  flow  through  gaper  in  the  eastern  range. 
2.  Though- the  various  publications,  papers,  and  notes  referring  to  the  Andaman 

Islands  would  make  a  lengthy  list,  there  are  but  few  among 
Halfer!!^*     ^  ■e'vers :      ^jj^j^  which  contain  any  references  to  the  geology  of  the 

Islands.  The  first  of  ihese,  arranging  them  according  to 
their  dates,  is  to  be  found  in  the  journals  of  Dr.  J.  W,  Heifer,*  who  visited  the 
islands  in  1840.  His  journal,  which  is  all  that  remains,  for  ho  was  killed  by  the 
Andamanese,  contains  but  few  references  to  geology.     He  visited  one  of  the  islands 

^  Dr.  Johann  Wilhelm  Hdfer'fl  fi^edrackte  nnd  ungedruckte  Schriften  fiber  die  TennsMriin 
l^Tiazen,  den  Mergni  Archipel  and  die  Aadamaneii-Inselu.  MUiheiL  k,k.  Qeogr,  OetelUcha/t,  III 
?p.  166—390  (1859). 
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of  the  Archipelago  (probably  Ontram  Island)  and  a  small  island  which  seems  to 
have  been  the  Middle  Button,  sailed  through  Hom£ray's  Strait  ^  and  then  round 
the  north  of  the  island  till  he  was  killed  on  the  east  coast,  either  at  Cadell  Bay 
or  some  spot  in  that  neighbourhood.  The  only  geological  observations  refer  to 
the  Archipelago  and  the  Middle  Button,  the  rocks  of  which  he  cksses  as 
*'  Quadersandstein." 

The  next  reference  I  can  find  is  contained  in  a  pamphlet  by  a  Mr.  J.  H% 
.  Quigley,^  who  visited  Interview  Island  in  a  schooner  called 

the  Sea  Serpent,  which  had  been  ehart^^  by  a  friend  of 
his  to  recover  what  was  worth  saving  from  the  wreck  of  the  barque  EmUy.  His 
account  has  been  stigmatized  by  Dr.  Mouat  afi  only  worthy  of  a  MunchhauseU) 
but,  though  abundantly  adorned  (?)  with  what  are  meant  for  rhetorical  flourishes 
which,  however,  give  place  to  a  more  inoderate  tone  when  speaking  of  what  he 
actually  saw,,  it  is  far  more  entertaining,  and,  as  subsequent  knowledge  has 
shown,  ntiord  trustworthy  on  the  whole  than  the  dreary  pages  of  the  learned 
doctor's  ponderous  tome.  Mr.  Quigley's  *' geological  observations"  are  just 
such  as  a  man  igrnorant  of  geology  might  well  have  made,  but  such  as  he  could 
not  possibly  have  invented ;  all  that  can  be  made  of  them  is  that  tiie  greater  pari 
of  Interview  Island  consists  of  sedimentary  formations,  but  that  the  extreme 
west  {sic  in  original,  probably  a  misprint)  is  composed  x)f  igneous  rocks  deeorifaed  as 
"granite  and  greenstone,"  terms  that  may  safely  be  translated  diorite  and  serpentine. 

The  report  >  of  the  Committee  appointed  in  1857  to  select  a  site  for  a  penal 

.  settlement  in  the  Andamans,  contains  but  ono  single  obser* 

Andaman  Committee*  j«t_*  i  •  i_^i*x*aa^ 

vation  bearmg  on  geology ;  m  paragraph  41  it  is  stated 

that  limestone  "  of  the  finest  quality  ^'  is  obtainable  on  a  promontoiy  a  few  miles 

north  of  Long  Island. 

Prefaced  to  a  report  on  the  vegeiration  of  the  Andamans  by  Dr.  Kurz  are 

some  notes  on  the  geology  or  more  properly  petrography 
of  the  South  Andaman ;  he  also  gives  some  important 

observations  as  to  the  recent  sinking  of  the  islands^  to  which  I  shall  refer  later  on« 
In  1868,  a  shcN^tnoteby  Dr.  Stoliczka^  was  read  before  the  Geological  Institute 

of  Vienna ;  being  merely  an  extract  from  a  private  letter 
it  does  not  contain  ai^  detailed  observations,  but  refers  to 

the  general  question  of  the  correlation  of  the  beds  seen  near  Port  Blair,  to  which 

he  ascribes  an  eocene  age. 

'  Ai  tbit  Ib,  80  far  as  I  know,  the  only  instance  of  tbese  straits  haTing  been  navigated  by  any- 
thing larger  than  a  steam  launch,  it  may  be  interesting  to  give  the  reasons  on  whicb  I  base  this 
supposition ;  they  are  as  follows: — (1)  Sailing  ** notth-westWards "  from  the  Batton  he  passed 
tbrough  a  group  of  islands  and  found  himself  almost  shut  in  by  land;  (2)  he  mentions  very  rapid 
currents  in  the  straits ;  and  (3)  he  describes  the  western  outlet  as  also  surrounded  by  islands  with  a 
very  narrow  passage  out  to  the  west.  All  tbese  three  fit  in  with  Hem  fray's  Straits,  while  none  ef 
them  would  be  applicable  to  the  Middle  Struts  (Htffer,  loe.  cit.,  pp.  884 — 885). 

*  Wunderings  in  the  Islands  of  Interview  (Andaman),  Little  and  Great  Coco.  Pmpki^  Hoal« 
mein,  1850. 

'  Selections  from  the  Hecords  of  the  Government  of  India,  No.  25,  pp.  4 — 28  (1859). 

*  Die  Andanianen  Insein,  Assam,  u.  s.  w.  (Aus  einem  Briefe  an  Herm  Director  v.  Haenr,  de 
dato,  Calcutta,  80th  Miirz)  Verhand.  k.k,  geoU  BnchtaniialU  No.  9,  p.  192  (1968). 
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In  tlie  Transaetions  of  tbe  Ethnological  Societj  for  1869  there  is  a  note^  on 

the  Andaman  Islands  by  Lieutenant  S.  A.  St.  John,  which 
contaihs  some  petrographical  statements ;  he  went  on  a 
tnp  in  the  S.  S.  Diana  to  search  for  limestone^  and  mentions  the  occurrence  on 
the  shore  west  of  Long  Island  of  what  proved  to  be  "  the  common  igneous  rock  of 
former  acquaintance,"  which,  from  its  ** light  colour, '*^  might  have  been  taken 
for  limestone  by  one  who  had  not  landed  to  examine  it.  I  cannot  understand  this 
sentence ;  can  he  have  hit  upon  one  of  the  pale  days,  locally  indurated,  of  the 
Archipelago  series  P 

The  Proceedings  of  the  Asii&tic  Society  of  Bengal  for  1870  contain  another 

paper  •  by  Dr.  Stoliczka  on  the  Kgokkenmodding^  of  the 
Andamans  which  contains  a  passage  referring  to  the  possi- 
bility of  recent  changes  of  level  in  the  islands. 

The  Journal  of  the  same  Society  for  that  year  contains  two  papexs  *  by  Mr.  V. 

Ball  on  the  geology  of  the  vicinity  of  Port  Blair  and  of 
Nancowry  Barbour,   in  which  he  gives  some  geological 
details  and  essays  4k)  correlate  the  rocks  of  the  Andaman  and  Nicobar  Islands. 
Since  this  date  I  know  of  nothing  further  relating  to  the  geology  of  the 

Andamans  until  the  recent  publication  of  two  *  notices  by 
Mr.  F.  B.  Mallet  in  the  Records  of  the  Geological  Survey 
of  India. 

Passing  now  to  my  own  observations,  I  can  only  distinguish  with  certainty 
^^  two  sedimentary  formations  in  the    Andaman  Islands, 

^^  which  I  propose  to  eaU  the  Port  Blair  and  Archipelago 

series  respectively. 

The  Port  Blair,  series  consists  principally  of  firm  grey  sandstone  and  inter- 
.  bedded  slaty  shales,  not  unfrequently  containing  nests  of 

coaly  matter,  and,  occasionally,  beds  of  conglomerate  and 
pale  grey  limestone  as  subsidiary  members.  The  sandstone  is  the  characteristic 
rock  of  the  series,  it  is  generally  if  not  always  non-calcareous  and' is  easily  recog- 
nized, where  exposed  between  tidemarks,  by  its  peculiar  mode  of  weathering : 
owing  to  irregular  distribution  of  the  cementing  material,  bosses  of  harder  stone 
are  left  standing  up  above  the  general  level  of  the  rock,  and  these  bosses  are  in- 
variably irregularly  honeycombed  by  the  solvent  action  of  the  sea  water. 

^  Notes  oo  the  Andaman  IsUndi  by  Admiral  Sir  Edward  Belcher  (from  notes  by  Lientenant 
S.  A.  St.  John,  H.  M.'s  60th  Regiment).  Trant,  Ethnol,  8oe.  (aeio  #0rt>«).  V,  pp.  40—49 
(1867). 

*  Note  on  the  KgGkkenmdddings  of  the  Andaman  Islands,  by  Dr.  F.  Stolicika.  iV^e.  At.  8oe. 
Btmgal,  1870,  pp.  18—28. 

'  Brief  notes  on  the  geology  and  on  the  Fauna  in  the  neighbonrliood  of  Nancowry  Harbour, 
Nicobar  Islands,  by  V.  Ball,  B.A.,  Geological  Surrey  of  India.  Joum,  At,  Soe^  Bengal,  XXXIX, 
ppi  25 — 27  (1870).  Notes  on  the  geology  of  the  vicinity  of  Port  Blair,  Andaman  Islands,  by 
V.  »an»  B.A.,  Oeological  Survey  of  India,    ibid,  pp.  231  -  248  (1870). 

*  On  NHtive  Lead  ftom  Moulmein  and  Chromite  from  the  Andaman  Islands,  by  F.  R.  Mallet^ 
Deputy  Superintendent^  Geological  Survey  of  India.  £ee.  G,  8, 1.,  VoL  XVI,  208  (1888).  On 
some  mineral  resources  of  the  Andaman  Islands  in  the  neighbourhood  of  Port  Blair,  by  F.  II. 
Maltet,  Deputy  Saperintendcnt,  QeoTogtcal  Sarvcy  of  India.  Rec.  O,  8,  /.,  Vol.  XVII,  pp.  79— -86 
(1884). 
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In  seyeral  places  I  foand  red  and  green  jasperj  beds  v^y  similabr  to  what 

occur  in  Manipur  and  Burma,  but  I  was  unable  to  deter- 

FMuUe  older  ienfl6.  i_   .i_  *  xi_        t.  i  j  x  u 

mine  whether  any  of  these  belonged  to  an  older  series  or 

no.     In  part  at  least  they  seem  to  belong  to  the  same  series  as  the  sandstones  and 

shales,  in  the  midst  of  which  they  may  be  found  cropping  out,  but  it  is  by  no  means 

impossible  that  some  of  them  belong  to  an  older  series,  f  or^  on  the  east  coast  of  the 

South  Andaman,  close  to  the  boundaries  of  the  serpentine  south  of  Shoal  Bay^ 

I  found  great  banks  of  eonglomorate  containing  pebbles  of  similar  jaspery  rock  ; 

it  is  of  course  possible  that  this  conglomerate  is  newer  than  the  sandstone,  but  the 

fact  that,  though  found  dose  to  the  seipentine^  it  contains  no  pebbles  of  that  rock^ 

indicates  that  it  is  probably  of  earlier  date  than  the  serpentine  intrusions,  and 

consequently  probably  of  the  same  age  as  the  Port  Blair  series. 

On  Entry  Island  and  again  in  a  small  bay»  not  marked  on  the  marine 
•  .        chart,  immediately  south  of  Port  Meadows,  I  found  beds 

of  volcanic  origin.  In  the  middle  of  the  small  bay  just 
mentioned  a  square  rock  composed  of  a  breccia  of  pale-green  felsite  cemented 
by  a  matrix  of  felsitic  ash  stands  out  of  the  water,  and  on  Entry  Island,  among  a 
series  of  rocks  indurated  and  contorted  so  as  to  baffle  description,  there  are  some 
beds  full  of  angular  fragments,  and  apparently  of  volcanic  origin.  The  age  of 
these  is  difficult  to  determine ;  they  seem  to  pass  northwards  into  beds  among 
which  jaspery  slate  and  limestone  are  to  be  found,  and  at  the  northern  eztremitj 
of  the  island  there  is  some  intrusive  serpentine,  but  at  the  southern  end  of  the 
island  near  the  top  of  the  section,  if  I  read  it  aright,  I  found  in  a  bed  of  sandstone 
an  isolated  boulder,  about  a  foot  long,  of  a  serpentinous  rock,  evidently  derived 
from  the  serpentine  intrusion.  On  the  whole,  it  is  probable  that  these  are 
of  later  date  than  the  Port  Blair  sandstones. 

Before  passing  on  to  the  next  series,  I  must  mention  one  very  peculiar  rock 

^  ,,      , .    .  which  is  exposed  on  Chatham  Island,  and  which  I  have 

Chatham  Jjlana.  .  ,       ,  •%      .1  11      1  *  xi^      •  -•      i 

not  seen  elsewhere.    On  the  south  shore  of  the  island^ 

immediately  east  of  the  saw-mill,  there  is  an  exposure  of  sandstone,  through 
which  are  scattered  blocks  of  red  and  green  slatey  rock ;  these,  as  is  shown  by  their 
angular  outline  and  lamination,  quite  independent  of,  and  divergent  from  that  of 
the  sandstone  matrix,  are  evidently  fragments  of  some  pre-existing  rock.  It  is  diffi- 
cult to  explain  their  presence  here ;  in  the  absence  of  any  signs  of  volcanic  action 
in  the  immediate  neighbourhood,  one  would  naturally  turn  to  glacial  agency ;  yet 
the  apparently  isolated  nature  of  the  phenomenon  is  against  this  explanation, 
while  the  fragments  are  too  numerous,  and  scattered  over  too  large  a  surface,  for 
them  to  be  satisfactorily  explained  by  any  theory  of  flotation  by  driftwood.^ 

The  newer  series,  which  I  have  called  the  Archipelago  series,  as  the  whole  of 
'     .  the  islands  of  the  Archipelago  are  formed  by  it,  consists 

^^^  typically  of  soft  limestones  formed  of  coral  and  shelUsand, 

soft  calcareous  sandstones  and  soft  white  clays,  with  occasionally  a  band  of  con- 
glomerate the  pebbles  of  which  seem  originally  to  have  been  coral,  though  no 
structure  is  now  discernible.     These  beds  iseem  to  cover  a  large  area  in  tho 

^  Confer  Tboobald'n  description  of  some  beds  bolongin^  to  the  axial  (trlossic)  group.     Mem^ 
e.  8.  L,  YoJ.  X.,  p.  127  (1873). 
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Andamans,  but  I  shall  not  here  enter  into  the  disciuBsion  of  their  geographical 
distribution. 

On  Craggy  Island,  I  f onnd  a  somewhat  peculiar  rook ;  it  was  a  soft  bedded 

very  calcareous  sandstone ;  the  caJcareouB  cement  was  ir- 
IthnA^^**  ^  ^^8y     regularly  distributed,  forming  spheroidal  masses  of  harder 

rook  which  stood  out  from  the  general  surface  of  the  cliff, 
and  thisy  combined  with  strings  of  small  pebbles  scattered  through  the  beds,  gave 
the  lock  an  appearance  very  much  resembling  that  of  many  of  the  Siwalik  sand- 
stones. Some  of  the  pebbles  were  of  serpentine,  so  that  the  rock  is  almost 
certainly  of  later  date  than  the  Port  Blair  series,  yet  it  may  be  remarked  that  where 
exposed  between  tide  marks,  the  projecting  bosses  weather  away  in  a  manner 
which  feebly  imitates  the  honeyoombing  of  the  veiy  much  more  prominent  knobs 
to  be  seen  at  Port  Blair. 

There  is  only  one  other  place  where  I  have  seen  a  similar  rock  in  the  Anda- 
mans, and  that  was  on  a  rocky  point  a  short  way  south  of 
M^dS  ^^^  ^  ^^  ^^^  Meadows.  I  did  not  here  notice  any  serpentine  peb- 
bles, but  the  position  of  the  rock  would  lead  one  to  asso- 
ciate, it  with  the  volcanic  beds  which,  as  I  have  mentioned  above,  are  probably  of 
more  recent  age  than  the  Port  Blair  series.  It  is  not  impossible  that  the  sand- 
stones just  referred  to  may  belong  to  the  Archipelago  series. 

The  Cinque  Islands  consist  principally  of  intrusive  rock  of  the  serpentine 

series,  but  there  are  also  some  metamorphosed  and  indu. 
(^ne  Iilands.  rated  sedimentary  beds ;  of  these  some  are  siliceous,  but 

for  the  most  part  they  are  calcareous,  the  most  remarkable 
form  being  a  green  ohloritic  or  serpentine  us  matrix  with  numerous  granules  of 
crystalline  calcite  scattered  through   it ;  the   rounded  outlines  of  these  granules 
seem  to  be  due  to  attrition,  and  the  crystalline  structure  to  subsequent  meta- 
morphism.    These  rocks  did  not  seem  to  me  to  belong  to  the  Port  Blair,  but 
to  the  Archipelago,  series,  and  at  the  first  blush  it  would  seem  as  if  they  had 
been  metamorphosed  by  the  intrusion  of  the  serpentine ;  fortunately  however  at 
one  or  two  places,  and  more  especially  on  the  eastern  face  of  the  southern  island 
olose  to  its  northern  end,  there  are  exposures  of  a  conglomeratic  bed,  in  which  the 
/Uprbbleti  are  of  serpentine,  and  the  matrix  is  fine-grained  and  very  serpentinous. 
m0i^    conglomerate,  both  from  its  position  and  induration,  belongs  to  the  same 
^^^^c  as  the  other  sedimentary  rocks  of  the  island,  and  proves  that  they  are  of 
^^t/G^wr  date  than  the  serpentine  intrusion,  and  that  in  all  probability  their  metamor- 
pjry-i^wn  is  due  to  the  contortion  they  have  locally  undergone.     The  conglomerate 
jns^  xnentioned  is  a  curious  bed,  not  of  the  type  commonly  known  as  conglomerate, 
\yoL\^     exhibits  that  structure,  usually  considered  due  to  the  action  of  floating  ice, 
w'bicsliisseen  in  the  boulder  bed  of  the  Talchirs,  or  the  Blaini  conglomerate  of  the 
Ff  imalayas.     The  matrix  is,  or  rather  was  originally,  a  fine  mud  or  clay,  and 
tlirovgh  it  the  pebbles  are  scattered,  not  touching  each  other,  but  each  isolated 
in    tilie  matrix ;  I  have  seen  a  similar  bed  of  presumably  the  same  age,  though 
stio^wring  no  signs  of  alteration,  in  a  very  similar  position  to  the  east  of  the  Nijaong 
villa.^  in  the  harbour  of  Nancowry,  but  here  the  fragments  were  angular,  not,  as 
on    tho  Cinque,  rounded  in  ontline. 
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As  regards  ihe  mtrasiye  rocks  of   the  Andamans  I  have  little  to  say ;  thej  are 

similar  to  those  of  Manipnr  and  Burma  to  the  north  an(f 
o  rnsive  ^£  ^^  Nioobars  to  the  south,  and,  as  far  as  I  conld  jadge 

from  the  manner  of  their  ocoorrence,  of  certainly  later  date  than  the  Port  Biair 
series,  the  only  section  which  seems  to  throw  any  doubt  on  this  conclnsion  being" 
that  described  above  of  the  sandstones  on  Craggy  Island.  I  have  followed  my 
predecessors  in  calling  these  rocks  serpentine,  that  being  the  most  prominent  or- 
TOmarkable  form  which  they  take,  but  they  not  infrequently  pass  into  eiystallino' 
diorite  or  gabbro. 

It  may  seem  strange  that,  before  passing  on  to  consider  the  correlation  of 

these    series,  it  should  be  necessary  to  discnss  whether 

tion^  ^^"^^  ^''™*"     *^®^  ^^^^^  belong  to  distinct  formations,  or  aie  merely 

'  local  petrological  yariations  of  each  other,  but,  as  will 
presently  be  seen,  such  is  tiie  case.  As  regards  the  Andamans,  I  have  no  doubt 
that  they  are  really  two  distinct  formations,  for  in  degree  of  indui*ation  and 
mineralogical  composition  they  are  as  contrasting  as  could  well  be,  nor  have  I  seen. 
any  signs  of  transition  from  one  type  to  the  other  (if  we  accept  the  sandstones  of 
Giaggy  Island)  and  in  the  Middle  Andaman,  where  I  saw  the  soft  limestones  of  tJio^ 
Archipelago,  and  the  hard  grey  sandstones  of  the  Port  Blair  series  within  a  few^ 
miles  of  each  other ;  they  each  maintained  their  especial  characteristics  unchanged^ 
While  if  my  identification  of  the  altered  sedimentary  rocks  of  the  Cinque  Islanda 
with  the  Archipelago  series  is  correct,  they  must  be  two  distinct  formations,  one- 
older,  the  other  newer,  than  the  serpentine  intrusions. 

In  investigating  the  homotaxis  of  these  beds,  we  may  approach  the  ques- 
tion from  three  points  of  view,  and  detennine  the.  age  of' 
Homotaz  e  ^^  \)q^  either  by  the  internal  evidence  of  f ossilfi,  by  con- 

necting them  with  the  known  rocks  of  the  Arracan  Toma,  or  by  connecting  them^ 
through  the  Nicobars,  with  beds  of  known  age  in  Java. 

As  regards  the  first,  we  have  nothing  beyond  Dr.  Stolicsska's  statement^  thai. 

he  observed  "  at  the  north-east  end  of  Boss  Island  several 

si)ecimens  of  a  Pecten,  a  small  Cytherea-like  shell,  and 

fragments  of  Oysters,  which  fossils  prove  that  the  deposits  are  marine,  and  the 

aspect  of  these  fossils  is  undoubtedly  a  tertiary  one."  I  regret  to  have  to  say  that 

though  I  searched  the  locality  mentioned,  I  did  not  succeed  in  finding,  either 

there  or  elsewhere,  any  trace  of  a  fossil  other  than  a  few  fragments  of  lignite. 

In  attempting  to  ascertain  the  age  of  the  Andaman  rocks  by  tracing  them. 

Relations    with    the     southwards  through  the  Nicobars,  we  are  at  once  landed 

Kicobar  beds,  into  a  difficulty  through  a  conflict  of  authorities.* 

>  Jtmm,  J.9.  8oe.,  Bwg,,  XXXIX,  p.  281  {fooinoU),  1870. 

'Die  Nicobariflchen  Inseln.  Eine  geographitche  Skizz^  mit  specieller  Berilcksicbtimg  dee 
Geognosic  ▼on  l>r.  Phil,  H,  Mink.  Eopenhagen,  1847.  TranalaUd  and  printed  in  Selections  from 
tbe  Becoids  of  the  Government  of  India,  LXXVII,  pp.  109-153. 

Beitrftge  zor  Geologie  nnd  pbysickaliscben  Geograpbie  der  Nicobar  Inseln. — Qeologischen. 
Beobacbfcnngen  von  Dr.  Ferdinand  von  Hocbstetter.  Beise  der  osterreicbiscben  Fregatte  Novara 
nm  die  Brde  in  den  Jabren  1867, 1858, 1869.  Oeologiscber  Tbeil,  II,  pp.  85—112  (Wien.  1866). 
TranalaUd  and  printed  (in  pari),  Bee.  Q,  8.  L,  IV,  pp.  69—78  (1870).  B$prinUd  Selections  from 
tbe  Records  of  tbe  Government  of  India,  LXXVII,  pp.  208-*229. 
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For  onr  information  as  to  the  rocks  erf  tbe  Nicobars,  we  have  to  rely  almost 
entirely  on  the  pnbUshed  papers  by  DfB.  Rink  and  Hochstetter.  The  former  of 
these  describes  the  rooks  of  the  Nicobars  as  belonging  to  three  distinct  formations, 
classed  in  order  of  their  ages  as  (1)  the  brown  coal  formation ;  (2)  the 
Plutonic  rocks ;  (3)  the  older  allavinm.  The  brown  coal  f(Hrmation  is  confined  to 
Ka^^^nl  and  the  sonthem  islands^  whiie  the  ^'  older  allavinm**  is  only  found  on 
the  islands  of  Nancowry,  Trinkat,  Gamorta,  and  those  to  the  north.  Dr.  F.  von 
Hoschstetter,  on  the  other  hand,  maintains  that  the  "  brown-coal  formation"  and 
the  "older  allnyinm"  of  Bink  are  but  petrologically  different  products  of  the 
same  period  of  deposition,  and  that  th€|y  are  both  of  later  date  thaji  the  serpentine 
introsions. 

In  his  note  on  the  geology  of  the  neighbourhood  of  Nancowry  harbour,'  Mr. 
y.  Ball  states  it  as  his  opinion,  that  the  sandstones  of  Bink  aro  the  same  as  those 
of  Port  Blair,  but  does  not  attempt  to  decide  between  the  widely  divergent 
opinions  of  Bink  and  Hochstetter. 

In  discussing  this  subject  I  may  begin  by  stating  it  as  my  opinion,  derived 
^Old  n  *  "of  ^^^  personal  examination  of  be4h,  that  the  *'  Older  allu- 
Rink  represente  Arehi*  vium  "  of  Bink,  and  my  Archipelago  series,  are  most  indu- 
pelftgo  series.  bitably  of  the  same  age.    As  Mr.  Ball  has  pointed  out, 

BiiJL's  nasne  is  utterly  inappropriate  if  the  word  alluvium  is  to  have  any  fixed 
value  whatever  in  geology ;  the  beds  of  which  it  is  composed  have  been  contorted 
and  disturbed,  and  occasionally  may  be  seen  tilted  on  end.  They  are  undoubtedly 
of  later  date  than  the  serpentine  intrusion,  and  agree  very  closely  in  petrographical 
characters  with  those  of  the  Andaman  Archipelago,  even  to  the  occurrence  of  clays 
containing  polycistinos  in  both  regions  and  of  iron  sand  on  the  Car-Nicobar,  while 
iron  sand  was  noticed  by  Dr.  Heifer  on  the  Middle  Andaman^  and  is  also  found 
on  Havelock  Island.'  • 

As  regards  the  sandstones,  the  matter  is  not  so  easify  settled  \  if  Dr.  Bink  has 

correctly  determined  the  relative  ages  of  the  sandstones 

theiMdstoiies."^  *^^  *^®  serpentine  intrusions,  Dr. Hochstetter  must  neces- 

sarily be  mistaken   in  supposing  that  they  are  merely 
petrographicaUy  different  members  of  the  same  series  as  the  soft  calcareous  and 
argillaceous  beds  of  the  so*oalled  older  aUuvinm.    The  only  direct  evidence  which 
Br.  Bink ,  adduces  as  to  the  relative  ages  of  the  sandstones  and  the  serpentine 
aeries  is  a  section^  on  the  western  side  of  Teressa  Island,  where  he  saw  a  small 
patch  of  the  sandstone,  of  the  same  type  as  that  of  the  southern  islands,  only 
slightly  hardened  by  the  plutosic  rocks  which  form  veins  in  it.    Here  everything 
depends  on  the  correctness  of  the  correlation  of  this  sandstone  with  that  of  the 
floathem  islands,  a  correlation  which  is  certainly  supported  by  Mr.  fiairs  identi- 
fication of  the  latter  with  the  sandstones  of  Port  Blair.    The  latter  observer  gives 
no  reasons,  beyond  the  presence  of  fragments  of  driftwood  and  impressions  of 

'  Brief  notei  on  the  Geology  and  on  the  Famift  in  the  neighbourhood  of  Nancowry  HRrboar» 

T^^Of^v  Islands,  by  V.  Ball,  B.A.,  Geo!.  Snrv.  of  India.    Jowm,  Am.  Soe.,  Beng.,  XXXIX,  pp.  25—37. 

'  Xq  the  first  and  last  case,  and  presumably  in  the  second  also,  theao-called  "iron  sand"  was 

'"^B^B^Hc  oxide  of  ir9n;  for  a  reference  to  the  Haydock  Island  sand,  see  Bee.  (7.  8,  L,  Vol.  XVI1I> 

tt08a4). 

^  Die  Nikobarischen  Inieln,  p.  69.    Seleotiona  from  the  Records  of  the  Government  of  India» 
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plants  resembling  fucoids  in  both,  for  the  identification,  thongh  it  was  presnmabi j 
based  on  personal  observation.  On  the  other  hand,  there  are  not  wanting  indiea* 
tions  that  both  these  observers  may  have  been  mistaken,  for  Dr.  Rink's  descrip- 
tion of  the  sandstones  of  the  Little  Nicobar,  which  he  takes  as  the  typical  expo- 
sure is  certainly  very  unlike  that  of  any  beds  I  know  in  the  Port  Blair  series ;  he 
describes  ^  both  sandstones  and  interbedded  clays  as  calcareous,  and  particularly 
mentions  that  the  former  were  soft,  and  that  the  calcareous  matter  is  iiregularly 
distributed,  forming  spheroidal  masses  of  harder  rock  which  are  left  projecting 
from  the  general  surface  of  the  clifE— ^in  fact  the  description  agrees  in  every  parti- 
cular, except  the  absence  of  pebbles,  with  the  sandstones  on  Craggy  Island^ 
in  which  I  found  pebbles  of  serpentine  and  which  are  consequently  almost 
certainly  of  later  date  than  the  Port  Blair  sandstones.  The  whole  question  is 
shrouded  in  difficulty  and  will  not  be  answered  satisfactorily  without  a  Bystema^ 
tic  survey  of  the  islands. 

Pacing  southwards  into  Java  and  Sumatra,  there  are  intrusive  serpentine 

and  soft  white  clays  identical  with  those  of  the  Nicobars. 

ma^^lud^'javan  bedS"^*'      ^^-  Hochstetter*  describes  the  sedimentary  series  of  Java 

as  consisting  of  (1)  a  lower  coal-bearing  group  of  quortaEose 
non-calcareous  sandstones  and  slate  clay  with  seams  of  workable  coal,  in  which 
maidne  fossils  are  very  rare  or  absent ;  (2)  an  upper  group  of  soft  calcareous  sand- 
stones, plastic  clay  slates,  and  argillaceous  marls  with  tracfaytic  tufas  conglo- 
merate and  breccias,  containing  numerous  marine  fossils  and  fragments  of  drift 
wood,  but  no  workable  coal.  These  rocks  were  originally  classed  by  Hochstetter^ 
as  eocene,  on  account  of  the  supposed  discovery  of  nummulites  in  them,  but  ac- 
cording to  Von  Bichthof  en,  ^  the  so-called  nummulites  are  in  reality  orbitolites,  and 
a  collection  of  fossils  from  the  upper  beds  was  examined  by  Mr.  Jenkins^  ^  who 
pronounced  them  to  be  of  miocene,  or  later  age.  The  lower  series  may  be  dis- 
tinct from  the  upper,  and  of  eocene  age  as  Dr»  Hochstetter  supposes,  and  in  that 
case  is  very  likely  a  representative  of  the  Port  Blair  series. 

In  tracing  the  Andaman  rocks  northwards  to  Burma,  we  have  little  difficulty 

in  identifying  the  Port  Blair  series  with  the  Negrais  rocks 
^^n^Z«^^'     o«  Theobald*    Not  only  do. they  rosemblo  each  other  in 

the  petrographical  features  and  relative  proportions  of 

'  Die  Nikobarisehen  loBeln,  p.  43.    Selections  from  the  RecorcU  of  the  Government  of   India, 
LXXVII,  p.  126. 

'  Geologische  Ansflilge  anf  Java.  Reise  der  5sterrci8cben  Fregatte  Novara  nm  die  Erde  in 
den  Jahren  1867,  18S8.  1869^  Oeologischer  Tlieil  Band  11.  Geologieche  Beobachtoogen  von 
Dr.  Ferdinand  von  Hochstetter,  pp.  118—152  (Wlen  1866). 

>  Nacbricbten  ^ber  die  Wlrksamkeit  der  Ingenienre  fiir  des  Bergwesen  in  Neiderl&ndisch — 
Indien.  Von  Dr.  Ferdinand  Hochstetter.  Jahrhuch.  K.  K,  GeoL  Meiohtantttdt  IX,  pp.  277 — 
294  (1858). 

*  Bericht  fiber  einen  Ausflug  in  Java.  Zeitschrifi  der  Deutachen  Oeol,  ChtelUeht^  XIV,  pp. 
827—356,  1862. 

t)ber  das  Yorkommen  yon  Nnmmnlitenformation  anf  Japan  und  den  PhiUipinen.  Ihid. 
367-868. 

'  On  some  Tertiary  MoUnica  from  Monnt  Sela  in  the  Ishind  of  Java,  by  H.  M.  Jenkins,  Esq.» 
F.  G.  S.,  with  a  description  of  a  new  coral  from  the  same  locality,  and  a  note  on  the  Scindian  fossil 
corals  by  P.  Martin  Duncan,  M.  B.,  F.  G.  S.     (^ttarU  Joum,,  Qeol  Soc,  XX,  pp.  45*^73  (1864). 

•  Mem.  O,  S.  /..  Vol.  X,  110—123  (1878). 
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their  indiyidual  members,  but  the  peculiar  mode  of  weathenng  where  exposed  be- 
tween tide  marks,  which  I  have  remarked  in  the  former,  is  matched  by  the  sand- 
etones  of  the  Negrais  gronp,  which  have  been  described  as  nsoally  presenting,  when 
seen  on  the  sea  beach,  a — "  honeycombed  or  cancellated  appearance,  the  result  of  a 
peculiar  mode  of  weathering."^  Unfortunately  the  age  of  the  Negrais  'rocks  can- 
not be  determined  with  accuracy,  but  they  are  believed  to  underlie  and  be  asso- 
ciated with  some  beds  of  known  nummuiitic  age,  so  that  we  may  class  the  Port 
Blair  rocks  as  eocene  or  slightly  older. 

Thus,  whatever  line  we    follow,   we  are  brought  up  to  the  same  concluAion» 

mx,^  that  the  Port  Blair  series  is  probably  of  early  tertiary, 

Genenl  conclusion.  ^^.^    y  .  j.  j  i_    x       •       i.T_  ^r. 

or  possibly  late  cretaceous  age,  and  by  tra/*mg  them  south- 
wards, we  find  that  the  rocks  of  the  Archipelago  series  are  probably  of  miocene 
age  or  even  newer. 

Sinoe  the  publication  of  Kurz's  Beport  on  the  vegetation  of  the  Andamans,  it 

has  been  an  accepted  fact  that  the  Andaman  Islands  are, 
Dg«8o    eve.  ^^^  hATe  been,   during  recent   times,  undergoing  sub- 

sidence. It  was  difficult  to  conceive  how  this  oould  be  the  case,  for  the  Airacan 
coast  to  the  north  and  the  Nicobar  Islands  to  the  south,  between  which  the  Andar- 
mans  form  the  connecting  link,  are  both  fringed  by  raised  beaches  which  show 
that  they  have  recently  been  elevated,  but  the  observations  recorded  by  Mr.  Kurz 

were  so  unanswerable  that  they  were  allowed  to  override 
Evidence  0     epreasion.      jj^q  m^gmnent  from  analogy,    Mr.  Kurz's  conclusions  were 

based  principally  on  the  &ct  that  he  found  the  stumps  of  trees,  belonging  to 
species  which  only  g^w  above  high-water  mark  and  beyond  the  reach  of  salt- 
water, in  the  mangrove  swamps  and  on  the  sea  shore,  while,  as  corroborative  evi- 
dence, he  adduces  the  facts  that  according  to  the  report  of  the  Andaman  Committee 
the  sea  had  encroached  some  40  or  50  feet  since  the  first  settlement  on  Chatham 
Island,  Port  GomwaUis,  and  that  "  Lieutenant  Jameson  of  Chatham  Island  has 
informed  me  that  a  similar  encroachment  of  the  sea  is  taking  place  at  that 
Island  in  Port  Blair."  As  regards  the  latter  point,  there  is  no  evidence  that 
the  "encroachment "  of  the  sea  at  Port  Comwallis  was  due  to  subsidence,  and 
as  far  as  can  be  judged  by  the  lithograph  in  the  report  of  the  Andaman  Com- 
mittee, and  the  woodcut  in  Dr.  Mouat's  book,  both  taken  from  a  photograph,  £ 
should  be  inclined  to  look  upon  it  as  a  case  of  encroachment  by  erosion  of  the  sea 
shore  and  not  by  subsidence.  The  evidence  of  the  trees  is,  however,  almost  con- 
clusive, for  the  only  explanation  possible,  apart  from  an  outward  set  of  the  soil  to- 
wards the  sea,  such  as  is  known  to  take  place  under  certain  circumstances,  is  that 
the  land  is  sinking,  and  I  can  myself  produce  an  obsei'vation  which  supports  this 
conclusion.  The  large  bay  on  the  north-east  coast  of  Havelock  Island  is  for  the 
most  part  fringed  with  low  lying  land,  next  to  the  beach  this  rises  some  4  or 
5  feet  above  high-water  mark,  but  in  many  places  behind  this  it  sinks  to  form 
a  hollow,  and  then  rises  again  to  the  same  level  as  the  outer  ridge,  or  rather 
higher.  The  whole  of  this  low  land  is  covered  with  forest,  but  wherever  there  is 
one  of  the  hollows  just  mentioned,  there  the  forest  trees  are  all  dead,  and  the  soil 
is  often  moist  with  salt-water;  the  soil  of  these  low  lying  patches  must  have  once 

*  Lqv,  cit.f  p.  117. 
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been  dry,  like  thai  where  the  forest  is  still  growing,  and  the  uniformity  in  sice  of 
the  dead  and  ^he  living  trees  shows  that  in  all  probability  several  generations  have 
lived  and  died  on  rise  and  in  hollow  alike,  nntil,  as  the  land  gradually  subsided,  the 
sea-water  rose  in  the  soil  of  the  hollows  and  the  trees  snccnmbed  to  its  fatal  influence. 
We  may  therefore  take  it  as  proved  th&t  the  Andamans  are  at  the  present  day 

gradually  sinking,  but  there  is  ample  evidence  in  the  raised 
k^^^^^'  ^""^^     beaches  that  fringe  the  shores  of  the  Andamans,  that  in 

the  immediate  past  elevation  has  exceeded  snbsidencp. 
These  raised  beaches  have  not,  -so  far  as  I  know,  been  mentioned  by  any  previous 
observer,  but  are  conspicuous  enough,  especially  on  the  islands  of  the  Archipelago- 
At  Port  Blair  itself  there  is  a  small  terrace  at  the  north-eastern  comer  of  Chatham 
Island ;  it  has  been  enlarged  artificially  to  form  a  site  for  the  bungalow  of  the 
officer  in  charge  of  the  island,  but  appears  to  be  in  part  a  raised  terrace  of  marina 
erosion.  A  similar  terrace  may  be  seen  north  of  the  harbour  where  the  road  from 
North  Point  to  North  Corbyn's  Cove  runs  in  places  on  a  terrace  separating  the  steep 
hill  side  from  the  sea  shore.  In  a  small  cove  east  of  Perij,  on  the  southern  side 
of  Shoal  Bay,  there  is  a  narrow  terrace,  clothed  with  forest,  from  whose  inner. limit 
the  hill  rises  in  a  bare,  almost  vertical,  face  of  rock  which  could  not  have  been 
formed,  in  this  position  at  least,  by  any  other  means  than  marine  denadatioa. 
Along  the  east  coast  of  the  South  Andaman  this  raised  beach  can  be  seen  formii^ 
a  terrace,  from  a  few  yards  to  over  half  a  mile  in  width  in  almost  every  bay.  Apart 
ttoim  the  theory  that  it  is  raised  sea  beach,  the  only  one  supposition  on  whicli  this 
terrace  could  be  accounted  for  is,  that  it  is  due  to  a  gradual  encroachment  of  the 
land  on  Ae  sea,  either  through  the  action  of  vegetation  in  catching  the  wind-blown 
sand,  and  so  raising  the  surface  above  extreme  sea-level,  or  by  the  action  of  the  waves 
which  during  storms  might  throw  up  sand  and  shingle  far  above  the  level  which  the 
sea  would  otherwise  readi  ^  the  first  supposition  is  inconsistent  with  the  fact  that 
shells  and  fragments  of  coral  of  considerable  size  may  be  found  lying  about  on  the 
forestrK)lad  surface  of  the  terraces  in  positions  where  they  cannot  be  accounted  for  by 
either  human  or  crustacean  agency,  while  the  facts  that  the  forest  trees  are  as  large 
and  old  on  the  extreme  edge  of  the  terrace  as  further  inland,  and  that  the  seaward 
margin -often  cuts  into  a  miniature  cliff  of  3  or  4  feet  high,  is  everywhere  fringed  with 
fallen  and  faJliog  trees  and  tangles  of  roots  from  which  the  soil  has  been  vrashed 
away,  conclusively  prove  that  so  far  from  there  being  any  extension  of  the  land 
surface,  it  is  being  encroached  upon  by  the  destructive  action  of  the  waves. 

The  terrace  is  well  developed  in  the  Andaman  Archipelago,  especially  on  the 
west  coast  of  Havelock  Island,  where  the  hills  rise  with  a  precipitous  face  out  of 

the  forest,  being  now  separated  from  the  sea  by  a  stretch 

Hmiock^sland.        ^^  ^^  ^^^^  >  ^^*  **  ®^®  place,  where  the  sea  has  cut  away 

this  terrace  and  formed  a  low  cliff,  a  bank  of  coral  and 
shingle,  evidently  of  littoral  origin,  was  seen  resting  on  soft  calcaieous  sandstonei 
well  above  the  reach  of  even  the  highest  tides. 

The  beach  I  have  described  is  everywhere  low,  and  not  moie  than  6  to  8  feet 

above  mean  sea-levei,  but  there  are  indications  of  a  terrace 
Island"  *"^  I^iwMDce     ^£  marine  eroaien,  corresponding  to  that  seen  on  the  Car- 

Nicobar  and  elsewhere  at  about  30-— 40  feet  above  thesea ; 
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botb  Ontram  and  Lawrence  Islands,  and  a  laocge  part  of  the  other  islands  of  the 
Archipelago,  are  low  and  flat-topped  in  ontline,  so  that  it  would  seem  that  thej 
were  plateaux— old  plains  of  marine  denadaticm. 

There  is  not  wanting  evidence  that  the  depression  of  the  island,  which  is  going» 

Commenoement  of  de-     ^^  ^^  ^^  present  time,  has  but  recently  commenced,  for  the 
prMttoD  bein^  of  seoeui     kitohen»middens  of  the  Andamanese  are  in  positions  where 

^  a  very  slight  subsidence  would  submerge  them,  and  tha 

time  that  they  represent  may  be  understood  by  the  section  of  one  which  I  examined 
near  Port  Mouat;  it  was  12  feet  in  thickness  in  the  centre,  and  in  this- there 
was  a  bed  1  foot  6  inches  thick  of  vegetablQ  mould,  with  shells  scattered  through 
it^  marking  a  period  when  generations  of  shrubs  and  plants  must  have  lived  and 
died  while  the  midden  was  abandoned,-  or  only  ocoasionally  visited.  This  was 
donbtless  started  on  a  reck  rising  among  the  mangroves  and  gradually  extended 
on  to  the  niud ;  and  it  is  a  noteworthy  fact  that  the  surface  of  the  mud  under  the 
shells  does  not  appreciably  differ  from  the  general  level  of  the  mud  outside.  It 
shows  that  at  a  time  when  probably  not  one-sixteenth  of  tbe  present  bulk  of  the 
midden  had  accumulated,  the  level  of  the  mangrove  swamps -was  veiy  nearly  what 
is  now.  Had  the  soil  surrounding  the  rock  on  which  the  midden  was  started  been 
well  clear  of  the  influence  of  the  tides,  it  would  certainly  not  have  supported  a 
growth  of  mangrove,  and  so  &r  as  my  experience  has  shown  me,  would  conse- 
quently have  been  of  a  very  difEerent  character  to  what  is  actually  found,  while, 
had  the  surface  of  the  mangrove  swamp  stood  much  lower  than  what  it  now  is,  the 
mud  would  certainly  have  risen  above  what  was  the  base  of  the  kitchen-midden 
in  its  earlier  stages;  in  other  words  the  surface  of  the  mangrove  swamp  was 
then  very  nearly  at  the  highest  level  it  could  reach,  and  as  this  is  limited  by  the 
height  to  which  the  tides  lise^  it  shows  that  during  the  time  represented  by 
the  formation  of  this  midden — a  period  which  mubt  be  measured  by  centuries,  if 
not  by  tens  of  centuries — ^the  land  has  not  appreciably  altered  its  level  rehitively 
to  the  sea. 

NoTB.— On  tbo  niRp,  I  have  incorporated  Mr.  Hurl's  obMrvations  in  part,  bat  have  not  follow* 
ed  bis  maps  in  extending  the  Port  Blair  sandstones  to  the  western  shore  of  the  Islands,  as  I  feel 
sore  that  the  rocks  tbere  nrast  be  largely  of  later  date;  I  have  ooloored  the  islands  off  the  two 
eatimooes  to  Homfraj's  Stmits  from  information  derived  from  Dr.  Heifer's  Diaries,  Interview 
Island.  I  was  informed  bj  Mr.  H.  Godwin- Aosten,  is  composed  of  the  same  rocks  as  are  seen  at 
Nsnoowrj,and  tlio  two  Sentinel  islands  have  been  described  to  me  aa  being  composed  of  coral;  this, 
as  I  found  from  experience  in  the  Nicobar  Islands,  almost  certainly  refers  to  the  fantastical 
weathering  of  the  UmestoDiBS  of  the  Archipelago  senes. 


Note  on  a  third  species  </ Meiycopotamus,  by  B.  Ltdekkeb,  B.A.,  F.Q.S.,  F.Z.S. 

Among  the  collection  presented  ta  the  British  Museum  by  Mr.  Charles  Falconer 
on  the  death  of  Dr.  Falconer,  the  writer  has  recently  identified  the  tooth  from 
Knsh&lgarh  near  Attock  noticed  in  '  Falconer's  Palieontological  Memoirs,'  Vol.  I, 
p.  416,  under  the  name  61  Meryoopotamtu  nanus,  and  also  the  two  smaller  teeth 
noticed  on  the  preceding  page  under  the  name  of  Tapirus  pentapotamim.  As 
these  specimens  are  undoubtedly  the  property  of  the  Geological  Survey  of  India, 
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the  Director  of  the  British  Museum  has  consented  to  their  transference  to  tiie 
Indian  Mnsemn. 

With  regard  to  the  Meryeopotamu$  tooth,  which  is  the  third  right  upper  trae 
molar,  there  can  be  no  doubt  of  its  specific  distinctness  from  M,  disnmilif  and  Jf. 
nanus f  Lydekker,^  both  on  account  of  its  inferior  size,  and  marked  difference  in 
stractnre.  Its  length  is  0*75,  and  its  width  0*8  inch ;  and  the  external  surface 
of  the  outer  columns  is  less  inwardly  inclined,  thus  causing  the  tooth  to  assume  a 
character  more  approaching  that  of  Ohceromeryxy  which  the  writer  ••  is  now  inclined 
to  regard  as  allied  to  Diehodon :  the  present  specimen  thus  indicating  an  affinity 
between  the  latter  and  Merycopotamus.  It  is  intended  to  figure  the  Kushi^arh 
Meryeopotamwt  tooth  in  the  Introduction  to  the  3rd  volume  of  the  lOth  series  of 
the  *  Fal89ontologia  Indica ';  and  the  specific  name  M,  pusillns  is  proposed  for  it. 

The  t^o  small  teeth  noticed  by  Falconer  as  Tapirua  pentapotamuB  are  ihe 
fourth  upp^  premolars  of  both  sides  belonging  to  the  same  individual  as  the 
upper  true  molar  noticed  by  Falconer  in  the  same  passage  and  figured  by  the 
present  writer  in  the  *  FaJeBontologia  Indica,'  ser.  10,  Vol.  Ill,  pi.  VIII,  fi^.  17, 
under  the  name  of  Liatriodon  pentapotamice  (Falc). 


Some  observations  on  Percolation  as  affected  &^  Current,  by  H.  B.  Medligoit,  M.  A., 

Geological  Survey  of  India, 

In  a  previous  paper  (supra,  XIV,  p.  228),  in  discussing  the  possible  water-head 
available  for  artesian  sources  in  the  Oangeiic  plains,  I  quoted  an  obsenration  by 
Lieutenant  W.  E.  Baker  (one  of  the  early  collectors  of  Siwalik  fossils,  afterwards 
Sir  W.  E.  Baker),  showing  a  striking  apparent  defect  of  percolation  in  very 
coarse  deposits  dose  to  a  great  stream.  The  passage  is  as  follows : — "  An  account 
is  given  by  Lieutenant  W.  E.  Baker  (Engineers)  of  the  sinking  of  a  well  at 
B&yanw&la,  near  the  base  of  the  Siwaliks.  It  is  3  miles  below  H&tnikiind,.  where 
the  deposits  terminate  within  the  open  gorge  of  the  river,  but  the  elevation  is 
still  1,052  feet.  The  surface  is  less  than  10  feet  over  the  water  in  the  river,  and 
only  60  yards  from  the  edge,  but  the  well  was  sunk  through  boulders  gravel  and 
sand  for  60  feet  without  finding  water.  Lieutenant  Baker  mentions  the  fact  as 
an  anomalous  instance  of  the  impermeability  of  the  coarse  river  deposits  at  this 
spot,  contrasting  it  with  what  takes  place  in  similar  deposits  of  the  bh4ba^  east 
of  the  Ganges,  as  already  noticed.  This  is  of  course  an  erroneous  impression  : 
there  is  a  deep  and  rapid  current  in  the  Jumna  at  B&yanw&la,  and  the  traction  of 
the  stream  does  not  give  any  particle  of  the  water  time  to  change  its  course  and 
sink  into  the  ground.  The  case  is  very  different  for  small  streams  spreading  out 
over  the  sur&ce." 

'  *  QeoL  Mag.'  dec.  8,  Vol.  I,  p.  646  (1884).  The  name  M,  nanus  had  been  applied  by 
Falconer  in  M.S.  (nide  Pal,  Mem,,  Vol.  II,  p.  407)  to  this  species,  before  he  applied  it  to  the 
Kush^Igarh  specimen,  which  he  eyidently  regarded  as  distinct.  When  the  collection  of  Eaahilgarh 
specimens  were  returned  to  India,  a  label  bearing  the  name  M,  nanus  was  attached  to  a  tooth 
referred  to  Dorcatherium  (mds  '  PalaK)ntologia  Indica,'  ser.  10,  Vol.  I,  p.  62  [44],)  and  tiie 
present  writer  naturally  thought  that  Falconer  had  made  a  wrong  generic  identification. 

"  Fide  *  Geol.  Mag.'  dec.  3,  Vol.  II,  pp.  72—73  (1885). 
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Several  friends  who  onght  to  know,  expressed  doubts  that  the  reason  her  egiven 
by  me  was  in  any  degree  valid ;  so  not  being  able  to  find  an  anthoritj  on  the  snbject» 
I  have  attempted  an  appeal  to  expeiiment,  with  Mr.  Mallet's  assistance.  In  the 
bottom  of  a  small  wooden  condnit,  about  5  feet  long,  a  rectangular  hole  was  cut, 
3  inches  long  by  1  inch  broad.  This  was  lined  with  sheet-tin,  projecting  below 
into  a  mnch  larger  tin  box  attcu^hed  to  the  board,  with  openings  along  its  upper 
margin  for  the  escape  of  water.  The  hole  was  then  packed  with  shot,  flush  with 
the  bottom  of  the  conduit,  and  up  to  the  level  of  the  openings  in  the  box  beneath. 
Arrangements  were  made  to  give  a  succession  of  fixed  slopes  to  the  conduit,  and  to 
measure  the  discharge  from  percolation  in  equal  periods  under  the  dilEerent  condi- 
tions.  From  still  water  with  a  depth  of  about  1  inch  the  percolation  was  1,045 
grammes  in  30  seconds.  The  comparative  results  are  given  in  the  following 
table : — 


/ 


Statement  showing  percokUion 

as  affected  by  current. 

y 

Percolation. 

Conditions. 

1,000 

Still  water :  end  of  conduit  cloeed. 

900 

Condnit  horizontal,  end  open. 

806 

„      doping  at   25  feet 

in  a  mile. 

7S8 

M                     l»           »        W)       ,, 

ff     *i 

110 

tr               n        $$      75      „ 

>»     »» 

747 

w               n        »»    100     „ 

*»     *> 

729 

»»               ft        ft    1*^      » 

»>        it 

The  experiments  were  no  doubt  rough,  but  it  can  hardlj  be  questioned  that 
thej  give  a  true  indication  of  what  occurs,  showing  very  decided  reduction  of 
percokktion  with  increase  of  current.  The  loss  is  nearly  20  per  cent,  with  a  slope 
of  25  feet  to  the  mile,  which  is  about  that  of  the  stream  at  Bdjanw^la.  Although, 
however,  the  interpretation  I  gave  of  the  supposed  anomaly  is  thus  shown  to  have 
but  partial  application,  the  main  cause  must  be  rather  the  reverse  of  that  suggested 
by  Lieutenant  Baker.  We  must  assimilate,  rather  than  contrast,  the  conditions  at 
Kiyanw&la  with  those  of  the  bhdbar  streams.  The  percolation  downwards  is  so 
free  and  rapid  that  laterally  it  does  not  extend  to  a  distance  of  170  feet  at  a  depth 
of  50  feet  below  the  level  of  the  stream ;  and  the  slope  of  percolation  must  be  more 
than  1  in  3*4. 

In  support  of  this  view  I  may  refer  to  the  instance  given  in  the  same  paragraph 
of  the  paper  under  reference,  of  a  well  at  the  head  of  the  bhdbar,  near  Mohan. 
Although  within  a  short  distance  of  the  Kotri  ran  (torrent),  all  the  dry- weather 
drainage  of  which  sinks  into  the  gravel,  water  was  only  found  in  the  well  at  a 
depth  of  200  feet. 
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Notice  of  the  Pirihalla  and  Chandpur  Meteorites,  hy  H.  B.  Medlicott,  M.A., 

Oeological  Survey  of  India, 

In  1863  a  requisition  frdm  the  British  Mnsenm,  respecting  the  collection  of 
aerolites  which  may  be  procurable  in  the  British  dominions  abroad,  was  for- 
warded by  the  Secretary  of  State  for  India  to  the  Govemment  of  India,  and  was 
issued  by  it  to  the  Provincial  Oovermnents  for  disposal.  On  the  representation 
of  Dr.  Oldham  in  1866,  that  this  order  was  liable  to  be  misunderstood,  to  the 
detriment  of  the  very  fine  collection  of  meteorites  in  Calcutta,  the  Governor 
General  in  Council  was  pleased  to  approve,  for  general  adoption,  the  recommenda- 
tion that  all  meteorites  should  be  sent  to  the  Calcutta  Museum,  and  suitable 
samples  be  forwarded  thence  to  the  British  Museum.  During  the  twelve  yean? 
following  this  order,  up  to  the  end  of  1878,  specimens  more  or  less  complete  of 
11  6klls  were  received,  and  samples  of  all  were  duly  sent  to  London.  For  years 
after  none  were  seen  or  heard  of  till  1884,  when  official  notice  came  of  the 
Pirthalla  fall,  but  without  any  hint  of  compliance  with  the  order  regarding 
the  disposal  of  such  objects,  although  it  was  of  course  still  in  force.  It  was  plain 
that  the  rule  had  passed  out  of  recollection,  as  is  so  generally  the  case  in  India 
with  matters  that  are  not  of  almost  routine  occurrenoe,  owing  to  the  so  frequent 
changes  in  the  personnel  of  every  office.  A  renewal  of  the  order  was  iiherefore 
sought  for  and  obtained,  of  which  these  two  meteorites  are  the  first-fruits. 

Pirthalla:  No.  189  of  the  Indian  Museum  ccUedian. — This  is  a  village  in  the 
Barwala  tahsil  of  the  Hissar  District  in  the  Punjab,  in  about  29°  East  Longitude 
and  29°  35'  North  Latitude.  The  feJl  occurred  at  2  p.m.  on  the  9th  of  Febroaiy 
1884.  The  stone  was  received  in  three  pieces,  and  otherwise  damaged,  having 
lost  perhaps  an  eighth  of  its  original  bulk.  The  pieces  weighed  severally  510*6, 
425'7,  and  224*2  grammes,  or  a  total  of  1160*5  grammes.  The  specific  gp^vity  is 
3*40.  The  shape  was  roughly  cuboidal  with  rounded  edges  and  indented  sides. 
The  stone  is  of  the  most  usual  type,  granular  fracture,  of  light-grey  colour, 
mottled  pale  brown.  The  numerous  metallic  grains  of  various  size  and  shape 
only  appear  on  a  cut  surface,  being  otherwise  covered  by  a  coating  of  the  stony 
substance.  This  stone  is  rather  friable.  There  is  of  course  the  usual  film  of 
fusion,  of  a  dull  black  colour.  The  account  of  the  fall  received  with  the  speci- 
men  is  as  follows : — 

'^  The  history  of  the  meteorite  briefly  is,  that  it  was  seen  to  fall  at  2  p.h.,  on 
the  9th  February  1884,  about  150  paces  from  the  village  of  Pirthalla,  P.S. 
Tohana,  Hissar  Division,  by  a  sepoy  on  the  Skinner  estate  and  a  boy  of  12  years  of 
age.  It  seems  to  have  been  red-hot  when  falling,  and  an  explosion  was  heard  whOe 
it  was  still  in  the  air,  which  was  followed  by  a  report  like  that  of  a  gun  when  it 
struck  the  earth,  in  which  it  was  buried  to  the  depth  of  2}  inches.  The  ground 
was  hard.  It  was  dug  up  immediately,  and  is  said  to  have  been  quite  cold  and 
broken  in  two." 

Chandpur :  No,  190  of  the  Indian  Museum  collection. — This  is  a  village  in 
the  North-West  Provinces,  about  5  miles  north-by- west  of  Mainpuri,  in  79^  3' 
East  Longitude  and  27^  17'  North  Latitude.     The  fall  occurred  on  the  evenings 
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of  the  6th  April  1885.  The  stone  was  received  unbroken,  though  about  one- 
fourth  of  the  crust,  and  perhaps  a  twelfth  of  the  original  bulk,  had  been  chipped 
off.  The  shape  was  roughly  cuboidal  with  rounded  edges  and  angles.  Before 
cutting,  the  weight  was  1201*3  grammes;  the  pieces  weigh  6255  and  491*0 
grammes.  The  specific  gravity  is  3*25.  It  is  exactly  of  the  same  type  as  the 
Pirthalla  stone,  but  not  so  brittle.  The  following  is  a  translation  of  the  report 
of  the  fall  by  the  Native  Sub-Inspector  of  Police : — 

"  On  10th  April,  Qirdhari  Ghaukidar,  of  mouzah  Chandpur,  which  is  8  miles 
fiouth  of  the  police  station,  came  and  reported  that  four  days  ago,  on  the  night 
of  Monday,  there  was  thunder  and  lightning  which  lit  up  the  whole  sky,  and 
after  this  a  stone  came  down,  which  was  found  next  morning  and  weighed  1 
seer  and  4  chittacks.  I  deputed  Mahomed  Hussan  Khan,  clerk,  to  fetch  the 
stone  and  make  full  enquiry  into  the  matter.  The  clerk  accordingly  brought 
the  stone  to  the  thana.  Its  surface  is  black.  It  is  white  inside,  containing  shin- 
ing particles  like  those  of  sand.  It  is  broken  on  two  sides,  which  is  due  to  the 
fact  that  l^e  villagers  broke  it  to  flee  what  was  inside  before  the  clerk  reached 
the  spot.  The  pieces  broken  off  could  not  be  found.  Enquiry  made  by  the  clerk 
showed  that  on  Monday,  about  one-and-half  hour  after  night-fall,  heavy  clouds 
came  over  mouzah  Chandpur;  that  Telok  Singh  Thakur  and  Bhagga  and 
Manga  Ghamars  were  busy  in  stacking  arhar  stalks  in  a  field  about  100  paces 
south-east  of  the  village,  and  that  they  first  saw  lightning  in  the  clouds  and  then 
heard  a  roaring  thrice ;  that  afterwards  it  thundered  slowly  and  then  of  a  sud- 
den the  whole  sky  was  lit  up  and  a  sound  of  something  coming  down  (sam 
same)  was  heard,  and  subsequently  the  sound  of  a  thud  in  the  arhar  field  of 
Madariwala,  which  is  one  field  beyond  their  own ;  that  they  then  ran  away  to  their 
respective  houses  fearing  that  hidl  was  falling.  As  the  whole  a&ir  was  one  of  a 
surprising  kind,  they,  on  Tuesday  morning,  wanted  to  find  out  what  it  waa,  and 
on  search,  found  the  stone  produced  in  Madari's  field ;  that  it  waa  still  warm, 
and  the  earth  below  it  was  blackened,  and  a  plant  of  arhar,  on  which  it  had  fall- 
en, was  scorched  and  broken  down,  but  that  no  mischief  was  caused  to  other 
plants  in  the  field.  Other  villagers  also  testified  to  these  &cts.  I  beg  to  for- 
ward the  stone  for  your  inspection." 


Beport  on  the  Oil- Wells  and  Coal  in  ^^0  Thayetmyo  District,  British  Burma, 

by  B,.  BoMAKis,  D.  So. 

OiUWeJU. — The  oil-wells  are  at  Fadaukpin,>  about  8  miles  from  Thayetmyo, 
on  the  Minddn  road.  Of  seven  wells  there  are  only  three  kept  in  repair,  and  of 
these  only  one  was  yielding  oil  at  the  time  of  my  visit.  The  oil  flows  very  slowly ; 
the  produce  is  only  one  barrel  monthly.  It  occurs  in  fissures  in  a  hard  blue  shale 
(dipping  35^  W.),  which  contains  fossil  marine  shells,  which  are  generally  much 
decompoeed  by  the  action  of  water ;  often  there  is  only  the  cast  of  the  shell  in  the 
clay  remaining. 

At  Yenanchaung,  in  Upper  Burma,  the  oil-bearing  stratum  is  a  similar  blue 
shale  with  bands  of  sand,  into  which  the  oil  diffuses  from  the  shale  and  through 

>  l^oticed  hy  Mr.  TheoMd,  Uem.,  G.  8.  L,  Vol.  X,  p.  347  (1873). 
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which  it  percolates  into  the  wells.  The  shale  at  Padaokpin  seems*  almost  imper- 
vious. I  observed  a  place  where  the  shale  cropped  np  to  the  snrfaoe.  It  was  con- 
verted superficially  into  clay  by  the  action  of  water.  The  oil  was  found  lining 
small  cracks  and  cavities.  When  a  piece  of  the  shale  was  powdered  and  diffused 
through  water  the  oil  came  to  the  surface  in  a  thin  film. 

A  specimen  of  the  shale  was  analysed  and  found  to  contain  0'16  per  cent, 
of  oil. 

The  rocks  overlying  the  oil-bearing  stratum  appear  much  harder  than  those  at 
Yenanchaung.  It  appears  to  be  a  different  geological  formation,  deposited  under 
different  conditions.  A  boring  was  put  down  to  a  great  depth  some  years  ago  in 
one  of  the  ravines  to  the  northward.  It  ended  in  hard  rock,  without  finding  oil. 
I  do  not  know  why  the  place  in  question  was  selected ;  the  whole  district  is  very 
unpromising. 

Goal. — ^The  coal  is  found  in  a  ravine  of  the  south-western  spur  of  the  second  or 
middle  hill  of  the  group  of  lime-hills  south  of  Thayetmyo.^ 

When  I  visited  the  place,  an  escarpment  had  been  made  along  the  east  side 
of  the  gorge ;  at  the  north  end  a  drift  had  been  driven  into  the  hill  side  through 
a  hard  blue  shale  to  a  depth  of  about  20  feet ;  at  the  end  of  the  drift  there  was  a 
thin  seam  of  coal  and  carbonaceous  shale  dipping  at  an  angle  of  about  30^.  Below 
this  another  drift  had  been  made,  but  had  fallen  in.  The  seam  of  coal  is  said  to 
be  4  feet  thick.  Further  south,  again,  a  pit  had  been  sunk  to  a  depth  of  30  feet, 
following  the  course  of  the  two  small  seams  of  coal  here  dipping  at  an  angle  of 
75^  to  80^.  They  are  4  feet  apart  at  the  top,  but  gradually  approach  and  will 
unite  jh^bably  3  or  4  feet  lower.  Five  or  six  yards  further  south  there  are  seen 
two  more  vertical  beds  of  carbonaceous  shale.  One  of  these  is  said  to  be  the  seam 
worked  about  30  years  ago.  The  traces  of  the  old  workings  are  now  concealed 
under  the  rubbish  thrown  down  from  the  escarpment  above.  The  old  drift  is  said 
to  be  vertically  below  the  lime  kiln  on  the  hill  side. 

The  blue  shale  below  the  coal  is  full  of  vegetable  remains,  apparently  grasses 
or  reeds.  Above  the  coal  the  shales  appear  to  be  unfossiHferous.  Over  the  shales 
are  sandstones.  Above  these,  again,  there  is  a  greyish-pink  limestone ;  then  over 
all,  forming  the  crest  of  the  hill,  is  a  white  limestone  composed  of  fossil  num- 
mulites  and  marine  mollusca. 

It  seems  to  me  that  the  coal  deposits  of  the  Arakan  Yoma  have  been  formed 
in  the  swamps  and  lagoons  of  a  river  delta.  We  find  similar  deposits*of  very 
recent  date  in  the  neighbourhood  of  Rangoon.  Thus,  at  Insein,  a  boring  showed 
a  thin  bed  of  lignite.  Beneath  the  alluvial  soil  on  which  part  of  the  town  of 
Rangoon  stands,  there  is  a  stratum  of  decomposed  vegetable  matter  about  ^ 
feet  thick,  thinning  out  and  disappearing  where  it  meets  the  sandstones,  on 
which  the  cantonment  stands.  Above  this  stratum  there  is  a  fine  blue  clay; 
above  the  clay  is  the  sandy  clay  of  the  rice-fields.  We  have  the  same  order  at 
each  of  the  coal  outcrops  in  Burma, — argillaceous  sandstones,  blue  shade,  coal. 

At  Thayetmyo  the  deposits  have  evidently  been  formed  while  the  land  was 

'  Described  by  Dr.  Oldbftni,  Selections  from  tbe  Becords  of  tbe  Government  of  ludin,  Roum 
Department,  No.  X,  1856 ;  also  by  Mr.  Theobald,  Mem.,  Q.  S.  I,  Vol.  X,  p.  295  (1872). 
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filowly  smktng  beneath  the  sea^  the  limestoiies  overlaying  the  shales  and  sand* 
stones  having  been  deposited  on  a  sea  bottom,  when  the  head  of  the  Gnlf  of  Mar« 
taban  was  at  Yenanchanng  or  Sagaing.  The  sudden  change  in  the  angle  of  dip 
shows  that  there  has  been  a  great  distorbanee  of  the  strata. 

It  seems  to  me  that  the  coal  worked  30  years  ago  was  a  portion  of  the  present 
4  feet  seam,  and  that  a  fault  rons  between  the  main  hill  and  the  southern  spurs ; 
but  Mr.  Lewis,  who  is  carrying  on  the  work,  seems  to  think  that  the  old  drift  was 
driven  in  the  wrong  direction,  and  that  he  will  find  the  seam  at  the  bottom  of 
the  pit  he  is  sinking.  On  this  theory  there  should  be  two  seams  4  feet  thick, 
separated  by  60  or  7^  feet  of  shale.  The  question  should  be  settled  in  a  few 
'days.' 

It  is  noteworthy  that  a  similar  nummulitie  coal-field  by  the  banks  of  the 
Indus  has  just  been  carefully  tested  by  bomig  and  found  to  be  so  irregular  as  to 
be  worthless.' 

A  series  of  specimens  fflustrating  the  rocks  at  the  Padaukpin  and  Yenan« 
channg  oil-wells  and  the  coal-mine  at  the  lime  hill  has  been  placed  in  the  Phayre 
MuseimL 

lUiJanua/ry  1885. 

IXote  4m  some  Antimony  Deposits  in  the  Maulmain  District,  hy  W.  B.  Cbipsb, 

A.B.S.M.,  F.C.S. 

From  Maulmain  a  range  of  lulls,  called  the  Toungwayn,  Toungmyo,  or 
Amherst  range,  runs  in  a  south-easterly  direction  through  the  province  of  Tenas- 
serim.  The  following  remarks  apply  to  that  part  of  the  range  between  Maulmain 
and  Amherst,  a  distance  of  about  50  miles.  The  range  is  densely  covered  with 
jungle,  and  is  inhabited  by  a  few  Karens ;  a  good  road  runs  along  its  base. 

These  hills  are  mainly  composed  of  a  hard  siliceous  slate,  the  strata  of  which 
are  more  or  less  disturbed,  but  with  a  general  direction  of  north-west — south- 
east and  a  nearly  vertical  dip ;  mica  schists  also  occur.  Overlying  both  are  soft 
sandstones  more  or  less  horizontal,  accompanied  by  quartzose  rocks  ;  while  along 
the  flanks  and  injthe  plains  below,  superficial  deposits  of  laterite  are  occasionally 
met  with. 

Limestone  does  not  appear  to  eodst  in  this  range,  but  isolated  hills  or 
rather  peaks  are  found  near,  which  are  rapidly  disappearing  through  atmospherio 
denudation.  The  existing  hiOs  show  the  power  of  this  influence  in  their  worn 
sides  and  sharp  angular  peaks. 

The  minerals  occurring  in  the  range  of  hills  under  consideration  are  iron  ores 
and  antimony.  The  iron  ores  might  be  of  use  should  coal,  good  enough  to  smelt 
them,  ever  be  found  within  a  reasonable  distance,  and  English  ccmpetition 
cease. 

'  From  recent  infortnfltioB  dated  22nd  June,  it  would  seem  that  the  expected  coal  hns  not 
been  found.  The  Agent  of  the  Murray  Coal  Company  is,  however,  perseyeriog  with  the  explora-* 
UOD.-H.  B.  M . 

»  8mpra.  Vol.  XVII.  Pt.  2. 
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As  long  ago  as  1860,  attempts  were  made  at  Tonngwayn,  near  Manhnain,  to 
work  the  antimony  found  there,  in  a  hill  called  Tsa-lsB-tonng  (antimony  hill), 
but  without  success,  the  reason  given  being  that  the  market  value  of  the  ore  in 
Calcutta  was  too  low.  Other  trials  have  been  made  since  then,  invariably  with 
a  like  result. 

The  antimony  is  in  the  form  of  stibnite  and  occasionally  cervantite.  This 
latter  mineral,  which  always  occurs  above  the  stibnite  and  is  probably  due  to  its 
oxidation,  was  not  known  to  the  Burmese  until  pointed  out  to  some  of  them 
recently  by  me,  it  having  too  great  a  resemblance  to  yellow  earth  to  be  noticed 
by  them.  They  are  however  well  acquainted  with  stibnite,  under  the  name  of 
T»«l8d-chouk  (antimony  stone)  or  TaB-lse-byn  (white  antimony).  The  cervantite 
has  obtained  the  name  of  TaB-lee-wa  (yellow  alitimony). 

The  stibnite  occurs  in  pockets,  or  isolated  masses  in  a  whitish  qusatEOae  sand- 
stone, the  rock  in  the  immediate  neighbourhood  being  often  stained  of  a  bluish 
colour  by  the  antimony  itself.  The  deposits  are  generally  found  in  or  by  the  side 
of  dykes  or  rather  fissures  traversing  the  sandstone,  filled  with  a  whitish  quart- 
zose  rock,  and  usually  having  well-defined  walls.  ^ 

The  TaB-lffi-dwin,  or  so-called  antimony  mine,  worked  some  time  ago  by 
Mr.  O 'Riley,  then  Deputy  Commissioner  of  Maulmain,  is  situated  on  a  liiH  caUed 
Lekka  Toung,  at  the  23rd  mile  from  Maulmain  on  the  Amherst  road.  It  is 
merely  an  open  quarry,  some  50  feet  in  length  (north-west — south-east),  roughly 
rectangular,  with  a  breadth  of  12  feet,  and  about  the  same  in  depth.  The  de- 
posit is  divided  by  well-defined  walls  from  the  ordinary  yellow  sandstone  sur- 
rounding it. 

The  ore  in  these  deposits  dies  out  entirely,  and  no  lode  or  even  string  is  left  to 
show  in  what  direction  more  may  be  found.  Sandstone  surrounds  it  on  all  sides, 
and  the  only  chance  of  any  indication  lies  in  the  occurrence  of  an  outcrop  along  ' 
or  near  the  line  of  the  dyke  or  fissure.  From  a  single  deposit  a  few  tons  only  of 
ore  is  obtained.  The  richest  ore  is  in  the  centre,  and  may  contain  as  much  as 
70  per  cent,  of  antimony  (metal),  and  from  this  it  graduates  off  into  a  blue 
slaty  stone  containing  2  or  3  per  cent,  only  of  the  metal. 

Practically  the  chances  are  small  in  favour  of  the  idea  that  small  unconnected 
deposits  like  this  can  ever  be  profitably  worked.  Should  lodes  be  found  however, 
the  case  would  be  different. 

Through  the  energy  and  enterprise  of  a  well-known  advocate  of  Rangoon, 
mining  operations  on  a  small  scale  have  lately  been  prosecuted  to  prove  this 
range  of  hills,  as  to  the  existence  or  not  of  true  lodes  in  them.  A  hill  seemingly 
favourable  for  mining  purposes  was  selected,  and  a  level  is  being  driven  through 
at  a  short  distance  from  its  base.  This  work  on  completion  will,  in  all  probability, 
settle  the  question  of  lodes  or  no  lodes  for  the  Maulmain  end  of  the  range,  the 
hill  being  a  typical  one  as  far  as  can  be  judged.  A  great  expenditure  of  dyna- 
mite is  found  necessary  in  cutting  through  the  siliceous  slaty  rock  mentioned 

'  It  ii  to  be  regretfced  that  Mr.  Griper  cannot  give  a  more  precise  description  of  these  rocks. 
There  seems  even  some  doubt  whether  the  '  sandstone '  in  which  the  stibnite  occurs  may  not  be  a 
partially  disintegrated  metamorphic  rock.  The  quantitative  diagnosis  of  the  deposit  is  however 
the  important  point  of  the  paper. — H.  B.  M. 
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9hoYe,  Iron  pyrites  is  occasionally  met  with  in  this  slate,  and  on  the  whole 
appearances  are  not  entirely  nnfavonrable  for  the  occurrence  of  mineral  in  veins. 

I  may  here  remark  that  copper  (^  copper  scoria  "  )  was  said  to  be  found  at  a 
place  called  Kyiek  Myraw,  on  the  Ahtaran  side  of  this  range,  by  Mr.  O'Biley, — 
vide  Selections  from  Becords,  Bengal  Govemment,  YI,  1852.  On  inspection  I 
found  three  large  mounds,  each  containing  many  thousand  tons  of  rich  iron  slag. 
Enquiries  on  the  spot  from  [the  old  inhabitants  and  phungies  (priests)  failed  to 
elicit  any  knowledge  or  even  tradition  of  a  furnace  having  been  in  operation  there. 
No  iron  lode  could  be  found  and  no  excavations  were  known  of  in  the  neighbour- 
hood. Probably  a  very  rich  form  of  laterite  occurring  there — almost  an  iron  ore 
in  bact — was  used  in  the  production  of  this  slag.  I  have  since  learnt  that  more 
of  such  slag  exists  at  a  place  called  Wa^ardo,  near  Amherst. 

Among  the  drawbacks  to  the  carrying  out  of  mining  and  prospecting  opera- 
tions in  British  Burmay  the  want  of  roads,  badness  of  the  conveyances,  [thickness 
of  the  jungle,  and  cost  of  labour,  are  the  chief.  An  ordinary  cooly's  wages 
amount  to  Bs.  12  per  month  in  Maulmain,  and  in  the  district  8  annas  per  day, 
except  during  the  paddy  season,  when  12  annas  per  day  is  usually  demanded. 
The  coolies  are  chiefly  Madrasis,  with  a  few  from  Calcutta,  the  Burmese  being 
too  la^  and  independent  for  hard  work.  Domestic  servants  are  also  Madrasis,  a 
'boy'  requiring  Bs.  16  and  a  cook  Bs.  18  to  Bs.  20  per  month.  In  the  district  the 
usual  means  of  conveyance  on  land  is  the  Burmese  cart  drawn  by  two  bullocks. 
As  the  body  of  the  cart  inclines  from  front  to  back  at  an  angle  of  about  45,**  a 
long  journey  in  one  does  not  afford  the  acme  of  comfort. 

The  best  time  for  prospecting  is  from  December  to  April,  May  and  June  being 
too  hot,  and  from  July  to  November  every  thing  is  under  water,  the  rainfall  being 
*  170  to  220  inches  in  Maulmain,  and  nearly  that  amount  in  the  other  parts  of 
Tenasserim. 

Gbvemment  dak-bungalows  are  few  and  far  between,  but  along  the  high  roads 
at  frequent  intervals  zayats  or  rest-houses  are  found,  built  by  pious  Burmese,  it 
being  considered  a  good  work  to  buHd  a  zayat  and  as  helping  towards  the  attain- 
ment of  Nigbfin. 


Notes  en  the  Kashmir  Earthquake  of  80th  May  1885,  by  E.  J.  Jones,  A.B.S.M., 

Oeological  Swrvey  of  India. 

On  the  30th  May,  within  a  few  minutes  of  2-45  a.m.,  at  which  time  a  pendulum 

_     , .  .  ,    .  clock,  set  to  local  time,  at  the  Besidency  in  Siinacrar. 

The  chief  shock.  j,  ,  u     i      *       -i.i.        u  *  i^  ^^i. 

stopped,  a  severe  shock  of  earthquake  was  felt  m  the 

Kashmir  valley,  where  much  loss  of  life  and  damage  to  property  occurred.  The 
•hock  was  also  felt  to  a  less  extent  in  all  the  surrounding  country,  and  at  Simla, 
Lahore,  Peshawar,  &c. 

This  shock,  which  seems  from  its  effects  to  have  been  of  a  severe  character,  has 
8  Wua         1.   V  ^®^  followed  by  slighter  shocks  up  to  the  present  time. 

'  On  one  day,  soon  after  the  chief  shock,  as  many  as  thirty- 
three  distinct  shocks  we^re  counted  at  Baramula.  The  frequency  of  the  shocks 
^}  however,  now  considerably  diminished,  some  days  being  quite  free,  and  on 
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other  days  as  many  as  fottr  or  five  being  felt  in  the  day.  As  aa  example,  oir 
Jnne  15th  there  was  a  shock  abont  4  a.!!.,  whidii'  was  more  severe  than  those 
tvhich  have  occurred  recently  ;  two  hours  after  another  shock  was  felt,  bat  of  a 
much  less  severe  character. 

The  chief  shock  of  May  30th  seems  to  hare  been  preceded  en  the  evening  of 
Shock  preceding   the      ^^^  ^^^h  by  a  slight  shock^  which  was  noticed  by  several 
chief  one.  persons^ 

The  loss  of  life  and  damage  to  property,  though  much  less  than  was  at  first 

reported,  has  been  very  considerable.  The  number  of 
•hoci^"***       *  persons  killed  by  falBng  buildings  according  to  the  present 

official  fepovts  was  something  ever  3,000,  while  the  num^ 
berof  cattle,  horses,  &c.,  killed  was  veiy  great. 

The  area  over  which  the  shock  was  sufficiently  severe  to  do  serious  damage  to 

buildings  is  also  much  less  than  was  at  first  ^supposed ;  it 
ihook  w^tevnJv  felt.*     e^ctends  from  the  neighbourhood  of  Srinagar  on  ihe  souths 

east,  round  a  little  north  of  Sopur,  and  by  Baramula  down 
the  Jhelum  valley  as  far  as  the  fort  of  Chikar  near  Garhi  ;  the  country  south  of 
Sopur  has  also  suffered  as  far  as  Magam  (or  Margaon)  on  the  road  from  Srinagar 
to  Guhnarg.  About  25  miles  north-'30°«west  of  Uri  is  a  solitary  ease  where  a 
fort  near  Titwal  on  the  Kishengunga  river  has  been  slightly  damaged.  Down 
the  valley  of  the  Jhelum  between  Uri  and  Chikar  the  damage  has  not  been 
general,  the  forts  being  the  only  buildings  that  have  suffered.  The  area  over  which 
the  shock  was  severe  enough  to  cause  a  large  amount  of  damage  may  be  roughly 
estimated  as  between  300 — 400  square  miles,  though  the  actual  area  including  all 
the  damaged  buildings  is  something  over  this. 

Most  of  the  building^  consist  of  stones  and  wood  in  which  mud  takes  the  place 
g,  .     .  of  mortar,  and  they  Sfo  covered  by  a  heavy  roof,  frequent- 

ly  composed  of  dried  mud  supported  by  rafters,  resting 
partly  on  the  walls  and  partly  on  a  few  wooden  pillars  inside  the  building. 

These  buildings  do  not  throw  much  light  upon  the  direction  in  which  the  wave 
D'fficnltr  of  dmw*  travelled,  as  they  appear,  when  shaken  by  the  shock,  to  haver 
coucluBions  from  the  been  unable  to  support  the  weight  of  the  roof,  which 
effecto  on  the  bialdinge.  accordingly  fell  down  inside  the  building  and  in  most  cases 
crushed  any  living  thing  of  any  size  to  death,  while  the  walls  having  nothing  to 
hold  the  mass  of  stones  and  (in  many  cases  rotten)  wood  together  fell  to  pieces ; 
ih  some  cases  however  parts  of  the  walls  fell  down  and  the  roof  remained.  Very 
little,  if  any,  assistance  can  be  obtained  from  these  structures  in  obtaining  data  as 
to  direction  in  which  the  wave  travelled ;  the  difficulty  is  also  enhanced  by  the  fact 
that  the  ruins  were  immediately  disturbed  and  dug  into  in  order  to  rescue  the 
wounded  and  get  out  the  bodies  of  the  dead,  and  to  obtain  the  wood  for  the  purpose 
of  erecting  temporary  huts. 

There  are,  however,  some  circumstances  that  point  to  the  conclusion  that  the 

wave  path  ran  nearly  north  and  south  at  Srinagar,  as  a 
Posiible  path  of  the     hanging-lamp  at  the  Residency  was  found  after  the  shock 

to  be  swinging  approximately  north  and  south,  though  na 
exact  observation  of  the  direction  was  taken.    The  cracks  in  the  walls  of  the  Besi- 
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dencj  also  tend  towards  this  conclusion :  those  walls  which  run  north  and  south 
exhibit  cracks,  while  the  long  walls  running  east- west  hare  i|ot  been'  cracked, 
though  they  have  become  separated  from  the  north-sotrth  walls  by  cracks.  At 
Baramula,  of  those  buildings  which  are  at  all  favourable  for  observation,  the  walls 
running  east- west  have  fallen  more  generally  than  those  running  north-south,  as 
for  instance  the  dak  bungalow,  a  long  building  containing  six  set&  of  rooms, 
where  the  north  wall  facing  the  river  and  the  roof  covering  the  chief  rooms,  fell, 
while  the  back  of  the  bung^ow  to  the  south  suffered  but  little  damage.  In  the 
fort  at  Baramula,  which  is  partly  built  with  mortar  instead  of  mud,  the  tower  at 
the  north-west  comer  fell  into  the  river,  and  the  west  wall  running  north  and  south 
has  been  cracked^  and  the  t(^  of  both  the  east  and  west  walls  has  fallen  down. 

The  forts  and  huts  which  have  been  damaged  along  the  valley  of  the  Jhelunv 
to  the  west  of  Baramula  afford  no  trustworthy  evidence. 

At  Baramula  and  higher  up  the  river  a  number  of  earth-fissures  have  been 
Sa  K  iu«,  formed  along  the  banks  of  the'  river,  and  occasionally  ut 

some  distance  from  the  river.  The  fissures  I  have  seen 
^^'^  parallel  to  the  course  of  the  river,  but  owing  to  the  water  in  the  river  stand- 
^8  at  a  very  high  level  at  the  time  I  passed  up,  the  surrounding  countiy  was 
uooded,  and  I  was  unable  to  see  many  of  the  fissures  that  are  said  to  exist. 

At  Paian^  which  is  some  distance  south  of  the  Wular  lake,  there  are  some  fissures 

mnning  south-east — ^north-west  and  parallel  to  a  line  of  low  hills.     I  also  noticed 

Bt  this  place  one  fissure  running  at  right  angles  to  and  crossing  all  the  rest.     The 

'^^^  of  these  fiissures  varies  from  aainch  to  a  yard  in  width.    I  saw  no  single  ones 

^^  moi^e  than  100  yards  in  length,  though  they  run  into  one  another.     The  depth 

^^^'^ot  well  be  seen,  as  the  fissures  are  now  blocked  up. 

I  WLXD.  informed  that  there  are  some  much  larger  fissures  at  a  short  distance 

from  Baramula,  some  of  them  being  30  yards  in  width 
^*         -     ureg.        and  a  quarter  of  a  mile  or  so  in  length.     I  hope  to  see  them 
my  observations  are  concluded. 

the  neighbourhood  of  the  fissures  there  are  numerous  patches  of  fine  sand 

^^  which  have  been  forced  up  from  some  distance  below  the 

^s«nd  craten.  surface ;  they  vary  from  2  to  6  feet  in  diameter.    The  vil- 

^^^"^  state  that  at  first  this  sand  gave  off  a  sulphureous  smell.    The  sand  resembles 

^^  ^*i.ver  sandi  but  differs  slightly  in  character  in  the  different  localities  where  it 

^lie  shocks  were  accompanied  by  a  sound  which,  in  the  case  of  the  chief  one, 

^^^  was  described  to  me  as  like  a  hundred  cannon  going  off 

j1j^2^**^*  tccompwiyiDg     |^^  ^^^^     rphe  noise  appears  to  have  preceded  the  shock 

by  a  short  interval  of  time  and  to  have  come  from  » 
^^■^ilijerly  direction. 

Camp  SBniAOAB, 
She  im  July  1885. 
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PrelimifMry  notice  of  the  Bengal  Earthquake  of  litli  July  1885^  by  H.  B. 

Medligott,  M.A.,  Geologieal  Survey  of  India. 

Some  mention  of  this  earthquake  may  be  expected  in  the  current  muitber  of 
the  Records,  but  it  can  only  be  to  announce  that  obseryations  are  being  made  by 
officers  of  the  Geological  Surrey  where  the  shock  was  most  severely  felt.     Mr.  C.  S' 
Middlemiss  is  taking  notes  at  Serajganj,  Sherpnr  (in  the  Bogra  district),  Mai* 
mansingy  and  Dh&ka  (Dacca) ;  and  Mr.  P.  N.  Bose  is  visiting  Nattore,  whence 
some  peculiar  effects  hare  been  reported.   The  time  of  the  occorrence  was  rigoronaly 
fixed  for  Calcutta  by  the  stopping  of  the  three  regulator  clocks  at  the  Meteorologica} 
Observatory,  from  which  the  time-signals  to  the  port  are  made,  as  checked  by  daily 
astronomical  observations ;  the  hour  was  6h.  24m.  12s,,  on  the  forenoon  of  the  14th.. 
The  clocks  stand  due  north-south,  facing  east.     It  is  very  doubtful  that  any  com« 
parable  observation  can  be  obtained  elsewhere ;  but  the  time  element  is  not  the 
most  important.     As  to  the  direction  at  Calcutta,  the  most  reliable  observation  I 
have  heard  of  was  that  by  Mr.  E.  C.  Cotes,  of  the  recently  filled  cistern  of  a  gas* 
holder  on  the  premises  of  the  Indian  Museum ;  the  water  was  seen  to  e^ill  to  a  little 
east  of  north.    This  is,  too,  the  direction  suggested  by  the  general  report  of  damage 
done,  which  is  veiy  markedly  concentrated  in  the  upper  deltaic  area  traversed 
by  the  Brahmaputra.     In  parts  of  this  area  slight  shocks  and  tremours  have 
continued  since  the  main  shock  until  now.     No  notice  of  the  shock  has  been 
reported  from  Cachar  or  Upper  Assam,  which  is  the  region  most  frequented  by 
such  visitation^  in  this  part  of  India.    As  to  the  angle  of  emergence,  I  know  of 
no  safe  data ;  crocks  in  the  walls  of  houses  are  numerous  enough,  bat  it  is  vexy 
difficult  to  make  sure  that  they  are  not  old  ones  that  had  been  plastered  over. 
The  most  distinct  case  of  overthrow  that  has  come  to  notice  was  that  of  a  heavy 
plaster  cast  leaning  against  the  north  wall  in  a  recess  some  12  feet  above  the  floor 
in  the  pal£Bontological  gallery  of  the  museum,  but  it  must  have  been  in  a  dangerous 
state  of  unstable  equilibrium ;  for  several  others  similarly  pla^^ed,  and  by  no  means 
so  stable  as  they  ought  to  be,  did  not  fail.     For  the  comfort  of  visitors  I  may  add 
that  these  are  now  being  made  fast. 

The  area  indicated  is,  so  i&r  as  I  know,  a  hitherto  unsuspected  position  for  a 
seismic  focus,  at  least  from  recorded  earthquake  observations ;  but  it  is  noteworthy 
that  within  that  area,  north  of  Dh&ka  and  west  of  Maimansing,  lies  the  ground 
known  as  the  Madhopur  jungle,  which  was  described  by  Mr.  James  Fergusson  in  his 
admirable  paper  on  the  delta  of  the  Ganges^  as  due  to  an  upheaval, ''  which  there  is 
every  reason  to  suppose  took  place  in  very  recent  times."  It  is  described  as  pre- 
senting a  more  or  less  scarped  &ce  of  deltaic  deposits  along  its  western  side,  raised 
about  100  feet  above  the  actual  alluvial  area,  and  sloping  eastwards  under  the  old 
bed  of  the  Brahmaputra,  and  losing  itself  in  the  Sylhet  jheels  (swamps).  This 
form  is  certainly  very  suggestive  of  an  actual  upheaval  along  the  western  edge, 
and  this  line,  running  past  the  end  of  the  Oaro  hills  on  towards  Sikkim  (where  the 
recent  earthquake  was  very  sensibly  felt),  would  approximately  suit  for  the  axis 
of  the  aeismio  area  aa  now  indicated.    But  this  view  of  the  Madhopur  jungle 

'  Quar,  Joum,  Oeol,  8oe,,  London,  vol.  xix,  p.  829, 1863. 
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needs  verification,  for  there  are  grounds  for  supposing  that  it  may  be  only 
en  insulated  remnant  of  a  former  more  exiensive  deltaic  surface,  other  renmins  of 
which  are  found  in  the  terraces  of  old  alluvium  at  many  places  on  the  borders  of 
the  present  deltaic  alluvium. 

There  is  another  feature  described  by  Mr.  Fergusson  Q,.o.  333)  that  must  be 
taken  into  consideration  in  the  present  discussion,  namely,  the  change  that  occurred 
early  in  this  century  in  the  course  of  the  Brahmaputra.  When  Major  Bennell 
surveyed  these  rivers  iu  1785,  the  whole  Brahmaputra,  which  is  perhaps  a  greater 
nit  carrier  than  the  Ganges,  flowed  by  Maimansing,  east  of  the  Madhopur  jungle, 
and  did  much  work  in  filling  up  the  depressed  area  of  the  Sylhet  jheels.  It 
was  then  driven  back  from  this  ground  by  the  comparatively  insignificant  eastern 
streams,  as  is  so  well  explained  by  Mr.  Fergusson,  and  fell  over  into  the  area 
west  of  the  elevated  tract,  where  it  now  flows  some  60  miles  to  the  west  of  its 
former  course,  in  the  very  ground  where  the  recent  earthquake  has  done  such  mis- 
chief. It  is  not  impossible  that  the  accumulation  of  70  years'  deposits  from  the  great 
river  may  have  had  some  influence  in  producing  the  catastrophe. 

There  has  been  in  the  daily  papers  so  much  loose  writing  upon  earthquakes 
on  the  occasion  of  the  recent  events  in  Kashmir  and  Bengal,  that  it  may  not  be 
amiss  to  make  a  few  general  remarks  on  the  subject.     It  is  only  partially  true, 
and  in  respect  of  details,  that  the  subject  is  '  shrouded  in  mysteiy.'    It  is  not 
disputed  that  every  smallest  cause  must  have  some  efEect :  when  a  musquito  alights 
on  a  mountain  the  state  of  equilibrium  is  somewhat  different  from  before,  when 
the  monster's  weight  was  distributed  by  air  vibrations.   It  is  well  known  that  the 
volcano  Stromboli  is  looked  upon  as  a  barometer  by  the  sailors  of  the  surrounding 
seas ;  still  to  speak  independently  of  variation  in  atmospheric  pressure  as  the  cause 
of  volcanic  eruptions,  and  still  more  so  as  a  cause  of  earthquakes,  is  to  lose  sight  of 
all  sense  of  proportion.  In  the  same  connection,  there  is  no  doubt  that  high-pressure 
steam  plays  a  conspicuous  part  in  volcanic  phenomena  and  their  attendant  earth- 
quakes ;  and  that  even  in  other  earthquakes  steam  is  ever  ready  to  flash  into  any 
temporary  fissure  that  may  be  formed ;  but  to  speak  of  steam  scouring  through  sub- 
terranean caverns,  bursting  from  one  to  another,  and  so  causing  earthquakes,  is  to 
indulge  in*  geological  romance  a  la  Jule%  Vemes^  for  which  there  is  little  excuse 
when  we  have  so  much  solid  ground  to  judge  from.     No  one  who  has  ever  been  in 
a  region  of  true  mountains,  such  as  the  Himalaya,  with  his  eyes  open,  should  have 
any  misgivings  as  to  the  cause  of  earthquakes,  on  seeing  around  great  thicknesses 
of  bedded  rocks  that  must  once  have  been  flat,  now  twisted  into  knots  and  snapped 
asunder  like  twigs.     Of  course  the  hiatus  in  thought  lies  in  the  familiar  assump- 
tion that  the  rocks  were  made  so,  or  that  all  this  performance  came  off  in  pre- 
Adomite  times.     The  truth  is  that  that  sort  of  thing  is  going  on  now;  the  Hima- 
layas themselves  have  not  done  growing.     The  crust  of  the  earth  is  continually 
m  a  state  of  strain,  owing  probably  in  some  degree  at  least  to  relative  changes  of 
the  internal  and  external  volumes  due  to  secular  refrigeration,  and  to  other  disturb- 
ances of  equilibrium,  such  as  the  wholesale  removal  of  matter  from  one  part  of  the 
tmrfacB  to  another  (of  which  the  case  suggested  is  an  instance),  amounting  in  time 
to  enormous  quantities.     Thus  there  are  re-adjustments  of  equilibrium  always 
^oing  on.    They  for  the  most  part  take  place  so  slowly  as  to  be  imperceptible, 
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bnt  sudd^i  collapse  must  often  occ«r»  prodneixig  iStiB  shocks  we  know  as  earth- 
quakes. It  has  been  ascertained  witii  much  certainty  that  the  greater  earthquakes 
have  their  origin  at  considerable  depths,  as  mnch  as  30  miles*  below  the 
surface ;  though  no  doubt  very  destructive  local  shocks  may  arise  from  a  much 
nearer  focus. 

The  suggestion  for  warnings  of  approaching  earthquakes  is  not  promising, 
and  it  is  only  even  plausible  where  seismic  activity  is  more  or  less  chronic.  Of 
the  greater  disturbances  that  extend  far  from  the  focus  tl^re  would  probably  be 
no  symptom  whatever,  unless,  perhaps,  in  the  neighbourhood  of  the  focus.  Even 
at  the  seat  of  activity  the  attempt  would  probably  be  futile,  for  the  many  petty 
disturbances  that  pass  off  without  serious  sequel  could  hardly  be  distinguished 
from  those  that  precede  violent  shocks,  and  the  warnings  would  soon  come  to 
illustrate  the  ^'  wolf,  wolf "  alarm  of  the  nursery  tale ;  so  that  such  warnings 
might  on  the  whole  create  a  greater  aggregate  of  anxiety  and  suffering  than  it 
was  intended  to  relieve. 


ADDITIONS  TO  THE  MUSEUM. 
Fbom  Ibt  Apbil  to  30th  Junk  1885. 

Two  ppecimens  of  alluvium — one  from  Biver  Dharia  near  Mof^al  Hant  Railway  Station, 
Rangpore  District,  and  the  other  from  River  Ganj^har,  Assam. 

Pbbsbktbd  bt  Mb.  R.  T.  Mallbt. 

Lignite  from  Sivalik  Sandstone,  Bhfitan,  North  of  Barpeta,  Assam. 

Fbom  thb  Dbputt  Commissionbb  ob  Eakbup. 

Various  fossils  (22  in  number),  from  Perim  Island  and  other  places  in  Kathiawar. 

Pbbsbntbb  by  Azak  Yuishanebb  Gadbishavkbb,  Asst.  Dbwah  of  Bhawagab* 

Cervantite,  and   antimony  smelted  from  the  samo,  from  the  Toungweine  Range,  near 

Maulmain. 

Pbbsbntbd  bt  Mb.  Gbobgb  Dawsok,  Maulmaih. 

Specimens  of  phosphatio  rock  and  phosphatic  nodules,  from  Masuri. 

Pbbsbntbd  by  Bbv.  J.  Pabsobs,  Masubi. 

Section  of  a  vertical  pipe  used  for  carrying  the  shaft  water  from  one  water  ring  to  another  in 
No.  3  Pit,  Warora  Colliery,  the  interior  encrusted  with  a  deposit  of  carhonate  of  limei 
which  was  formed  in  fifteen  months. 

Pbbsbntbd  by  Mb.  C.  J.  Bukiko,  Oftg.  Dy.  Mavaobb,  Waboba  Collibbt. 

Specimens  of  egeran  from  the  '  Rer  *  quarry,  northern  hase  of  the  Chattarhhaj  Hills,  Tonk. 
Pbbsbbtbd  by  LiBnT.-CoL.  W.  J.  W.  Mttib,  Political  Agbbt  in  Habowtbb  and  Tonk. 

Three  pieces  of  the  meteorite  that  fell  at  Pirthalla,  Burwala  Tahsil,  Hissar  District,  Punjah, 
on  the  9th  Fehmary  1884.  The  largest  piece  weighs  510*6  grammes ;  the  second,  425*7 
grammes ;  and  the  third,  224*2  grammes.    Its  specific  gravity  is  3*40. 

FBDH  thb  GoVBBNMBNT  of  THB  PVNJAB. 

The  greater  portion  of  the  meteorite  that  fell  at  Chandpdr,  Mainptiri  District,  N.-W.  P.,  on 

the  6th  April  1885.    It  has  sinoe  heen  cut  into  two  ;  the  larger  piece  weighs  625*5 

grammes,  and  the  smaller,  491  grammes,  and  its  specific  gravity  is  3*25.    It  weighed 

1201*3  grammes  before  cutting, 

Fboh  thb  Collbctob  of  Mainf^bi. 
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ADDITIONS  TO  THE  LIBBABT. 

Fbom  l8T  Apbil  to  HOth  Jukb  1886. 
TMb*  rf  Boots.  Donor 9^. 

Ball,  F.^On  the  identification  of  the  animals  and  plants  of  India  which  were  known  to 

early  Qreek  authors.    8*  Pam.,  Dublin,  1885.  Thb  Authob. 

Blah  FOBZS  W,  H— The  African  Element  in  the  Fauna  of  India :  A  criticism  of  Mr.  T9  allace's 

▼iews  as  expressed  in  the  '  Qeographioal  Distribution  of  Animals'.    8°  Pam.. 
Calcutta,  1876.  Thb  Authob. 

Bbovv's  Klaasen  und  Ordnungen  des  Thier-Beiohs.    Band  II,  Porifera.  Lief.  7 ;  &  Band  VI,. 

Abth.  I.  Ksche.  Pisces,  Lief.  4;  and  Band  YI,  Abth.  Ill,  Beptilien,  Lief. 
4a-45.  8*  Leipzig,  1886. 

Contributions  to  the  History  of  Education.    Historical  Sketches  of  the  Universities  and  CoU 

leges  of  the  United  States.    8^  Washington,  1883.    Hokb  Dbpabtm but. 

Datidsov,  T.,  and  King.  TFl — On  the  Trimerellidts,  a  Paleozoic  Family  of  the  Palliobranohs 

or  Braohiopoda.    8**  Pam.  1874.  Thb  Authobb. 

Douglas,  ^las  H^  and  Pbbscott.  Albert  B, — Qualitative  Chemical  Analysis,  Srd  Edition. 

8*  New  York,  1881. 

Emma  Mine  investigation.    1st  Session,  44th  Congress,  1876-76.    8*  Washington,  1876. 

Hoxb  Dbfabtkbvt*. 
SncydopcBdia  Britannica.  9th  Edition,  Vol  XYIIL    4''  Edinburgh,  1886. 

FiscHKB,  Dr*  Pa«^— Manuel  de  Conchyliologie  et  dePaltfontologie  Conchy liologique.  Faso. 

I— YHI,  and  Atlas.    8""  Paris,  1886. 

Fbitscb,  Dr.  Ant. — Fauna  der  Gaskohle  und  der  Kalksteine  der  Fermformation  Bohmens 

BtodII,heftL    4'' Prag,  1886. 

General  Examination  of  the  Atlantic  Ocean.    8**  Washington,  1870.      HolCB  Dbpabtmbnt. 

Geoenl  information.  Series  No.  1.    Information  from  abroad.    Observations  upon  the  Korean 

Coast,  Japanese-Korean  Ports,  and  Siberia,  made  during  a  journey  f  rom> 

the  Asiatic  Station  to  the  United  States  through  Siberia  and  Europe,  June 

3rd  to  September  8th,  1882.    S""  Washington,  1883. 

H(»cb  Dbpabtxbnt» 

Haubb,  Fr.  Bitter  v. — ^Berichte  iiber  die  WasserverhaltniBse  in  den  KesselthBlem  von 

Krain.    ^  Pam.    Wien,  1883.  Thb  Authob. 

Jaoraxtz,  Saoni. — Traits  pratique  d'analyses  chimiques  et  d'essais  industriels.    8°  Paru, 

1884. 

Livd8Tb5m,   G.— Forteckning  ofver  Biksmusei  Meteoritsamling.    8*  Pam.     Stockholm. 

1885.  Thb  Authob. 

L6czr,  Louie  <^.— Esquisses  de  Tethnographie  des  Cbinois*    8*^  Pam.    Budapest,  1884. 

Thb  Authob. 

Mabtiit,  JT. — Die  Tertiarsohiohten  auf  Java.    Nach  den  Entdeckungen  ¥on  Fr.  Junghuhn. 

PalAontologiacher  Theil,  allgemeiner  Theil,  und  Anhang.  4°  Leiden,  1880. 

Mines  and  Mining  west  of  the  Bocky  Mountains,  2nd  Session,  41st  Congress,  1869-70.    8^ 

Washington,  1870.  Homb  Dbpabtmbkt. 

HojBiBOYics,  E.  V„  und  Nbumayb,  Jlf .•^Boitriige  xur  Paliiontologie  Osterreich-Uugams  und 

des  Orients.    Band  V.  heft.  1.    4"  Wien,  1885. 

Naval  Professional  Papers  No.  14.    Papers  and  discussions  on  experiments  with  steel,. 

reprinted  from  various  sources.    8°  Washington,  1883. 

Homb  Dbfabtmbmt. 
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Titles  of  Books.  Donors, 

NiEiTiK,  S, — Die  Cepha]opodeofaana  der  Jarabildongen  dee  GonTernements  Kostronuu    4* 

St.  Petersburg,  1884.  Thb  Oiological  Dspastmbht. 

OwBif,  Sir  Richard.— Eisiorj  of  British  Fossil  Reptiles.  Vols.  I— IV.    Text  and  Plates. 

4''  London,  1849—1884. 

Paldontologie  Fran^aise.    1  re  S6ne,  animaux  inreri^r^s.    Terrain  Juras8iqne,liTr.  76 — ^77 

S"*  Paris,  1886. 

PuTNiM,  Charles  R, — Elephant-pipes  in  the  museum  of  the  Academy  of  Natural  Sciences, 

Davenport,  Iowa.    8"  Pam.     Davenport,  Iowa,  1885.       Thb  Acabbmt. 

QuENSTBDT,  jPr.  Auff. — Handbnch  der  Petrefactenkunde.    Auflage  III.    Lief  21 — 22    8® 

Tubingen,  1885. 

Renault,  M.  B. — Cours  de  Botanique  Fossile  fait  au  Museum  d'Histoire  Naturdle.    VoL 

IV.    8°  Paris,  1885. 

Reports  of  Explorations  and  Surveys  to  aseertain  the  practicability  of  a  ship  canal  between 

the  Atlantic  and  Pacific  Oceans  by  the  way  of  the  Isthmus  of  Darien,  in 
1872—73.    4**  Washington,  1874.  Homb  Db^abtkbitt. 

Reports  of  Explorations  and  Surveys  to  ascertain  the  practicability  of  a  ship  canal  between 

the  Atlantic  and  Pacific  Oceans,  by  the  way  of  the  Isthmus  of  Tehuante- 
pec,  in  1871—72.    4''  Washington,  1872.  Homb  Dbpabtvbvt. 

Ron AKOWBKI,  Q, — Geologische  und  palaontologische  Uebersicht  des  nordwestiichen  Thiao- 

Schan  und  des  sUdostliohen  Theiles  der  Niederung  von  Tnran.    Lief  I. 
4°  St  Petersburg,  1880.  The  Gbolooical  Dbfabtmbbt. 

Spon,  JSVnef^— The  present  practice  of  sinking  and  boring  wcIIh,  with^geological  considera- 
tions and  examples  of  wells  executed.    8"  London,  1885. 

The  Norwegian  North  AtUntic  Expedition,  1876— 1878.     XII.  Zoology:   Pennatulids,  by 

D.  C.  Danielssen  and  Johann  Korem.     XI II.  Spongiadae,  by  G.  Armaner 
Hansen.    4*^  Christiania,  1884^1885.  Thb  Committbb. 

Thoxsov,  Sir  C.  Wylville,  and  Mubbay,  John, — Report  on  the  scientific  results  of  the 

voyage  of  H.  M.  S.    Challenger  during  the  year  1873 — 76.  Vol.  XL 
Zoology.    4*  London,  1884.  Sbcbbtabt  of  State  fob  Ihdia. 

TscHBBNYSCHBW,  1%, — Der  Permische  Kalkstein  in  Gouvemement  Kostroma.  8^  St  Peters^ 

burg,  1885.  The  Gbolooical  DBPABTXBirT. 

United  States  of  America,  War  Department.    Professional  Papers  of  the  Signal  Service. 

No.  XI.  Meteorological  and  Physical  observations  on  the  eastooaatof 
British  America.    4^  Washington,  1883.  Home  Depabtx bet. 

Waldib,  D.— Observations  of  the  filtration  of  the  Hugli  water  for  the  Calcutta  water- 
supply.    8°  Pam.  Calcutta,  1874.  The  Authob. 

„  On  the  muddy  water  of  the  Hugli  during  the  rainy  season  with  reference  to 

its  purification  and  to  the  Calcutta  water-supply.     8°  Pam.  Calcutta, 
1873.  Thb  Authob. 


PERIODICALS,  SERIALS,  Ac. 

American  Journal  of  Science.    3rd  Series.    Vol.  XXIX,  Nos.  171—173.    8^  New  Uaren 

1885. 

American  Naturalist.  Vol.  XVIII,  No.  12,  (1884),  and  XIX,  Nos.  1—3,  (1885.)  8**  Phila- 
delphia, 1881-1885. 
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tUUi  of  Books.  Donors. 

Annalen  der  Phyaik  nnd  Chemie.    Neue  Folge.    Band  XXIY,  No8.  8^4,  and  XXV,  Nos. 

1—2.  .  S""  Leipzig,  1886. 
ABDalM  des  Mines.    8"'  Stfrie.    Vol.  VI,  lirr.  6—6.    8^  Paris,  1884. 
Annaks  des  Sdenoes  Q^logiques.    Vols.  XV  and  XVI,  Nos.  1—2.    8°  Paris,  1884. 
Annales  des  Sdenoes  NatoraUes.    Botaniqne.    6"*  Stfrie.    Tome  XX*  Nos.  4—6    8"*  Paris, 

1886. 
Annales  des  Sciences  Natnrelles.    Zoologie  et  PaMontologie.    6*"*  S^rie.    Tome  XVII,  Nos. 

6—^  (1884),  and  XVIU,  Nos.  1-3  (1886).    S^'  Paris,  1884-86. 
Annals  and  Magazine  of  Natural  History.    6th  Series.    Vol.  XV,  Nos.  87 — 90.    8°  Lon* 

don,  1886. 
Archir.  for  Natorgeschichte.    Jahrg.  XLIX,  Heft  6.    8°  Berlin,  1883. 
Athenssam.    Nos.  2993—3006.    4''  London,  1886. 
Beiblatter  za  den  Annalen  der  Pbysik  und  Cbemie.     Band  IX,  Nos.  2 — 6.  8"  Leipzig, 

1886. 
BibHothdqoe  Universelle.    Arohiyes  des  Sciences  Physiques  et  Natarelles  3*"*  Periods 

Tome  Xn,  No.  12,  (1884),  and  XHI,  Nos.  1-3,  (1886).    8^  Geneve, 

1884^. 
Biblioth^ne  (JniTerselle  et  Hevne  Suisse.  8"*  P^riode.    Tome  XXV,  No.  78,  to  XXVI,  No. 

76.    8*  Lausanne,  1886.     * 
Botaniscber  Jahresbericht.    Jahrg.    X,  Abtb.  I,  Heft  2.    8*  Berlin,  1886. 
Botanisehes  Central  Blatt.    Band  XXI,  Nos.  9—13,  and  XXII,  Nos.  1-9.    8*  Cassel, 

1886. 
Chemical  News.    VoL  LI,  Nos.  1819— 1332.    4*^  London,  1886. 
CoUieiy  Guardian.    Vol.  XLIX,  Nos.  1261—1274.   Fol.  London,  1886. 
Das  Aasknd.    Jahrg.  LVIII,  Nos.  9—22.    4''  Stuttgart,  1886. 

Geological  Magazine.    New  Series.    Decade  III,  Vol.  II,  Nos.  3—6.    8^  London,  1886. 
Iron.    Vol.  XXV,  Nos.  634— 647.     Fol.  London,  1886. 
Journal  de  Conchyliologie.    3"*  S^rie.    Tome  XXIV,  No.  4.    8^  Paris,  1884. 
Journal  of  Science.  8rd  Series.  Vol.  VII,  Nos.  138—136.    8^  London,  1886. 
London,  Edinburgh  and  Dublin  Philosophical  Magazine  and  Journal  of  Science.    6th  Series. 

Vol.  XIX,  Nos.  119--121.    S"*  London,  1886. 
Mining  Jonmal,  wiih  Supplement.    Vol.  LV,  Nos.  2684—2697.    Fol.  London,  1886. 
Nature  NoTitales.    Nos.  4— IL    8**  Berlin,  1886. 

Nature.    Vol.  XXXI,  No.  801,  to  Vol  XXXII,  No.  814.    4^  London,  1886. 
Kenea  Jahrbnch  fUr  Mineralogie,  Geologie  und  Palnontologie.    Jabrg.  1886.    Band  I, 

Heft  2—3.    8''  Stuttgart,  1886. 
Nenes  Jahrbnch  fiir  Mineralogie  Geologie  und  Palssontologie.    Beilage.  Band  III,  Heft  8.    8" 

Stuttgart,  1886. 
Palaontographica.    Band  XXXI,  Lief  8—4.    4°  G^ssel,  1886. 
Petermann's  Geographisohe  Mittheilungen.    Band  XXXI,  Nos.  3 — 6.    4®  Gotha,  1886. 

„  „  Abdruck  ans  Band  XXXI,  Heft  4.    pp.  148— 

160.    4'' Gotha,  1886. 
„  „  Supplement,  No.  77.    4**  Gotha,  1886. 

Professional  Papers  on  Indian  Engineering.  8rd  Series,  VoL  III,  No.  9.  Flsc  Roorkee,  1884. 
(Quarterly  Journal  of  Microscopical  Science.    New  Series.    Vol.  XXV,  No.  98.    8^  London, 

1886. 
Zeitschrift  Tur  Naturwissensohaften.    Folge  4.    Band  III,  Heft  6,  (1884,)  and  IV,  Heft  1, 

(1886.)    8""  HaUe,  1884.1886. 
Zoological  Beoord  for  1883.    Vol.  XX.   S'' London,  1884. 
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QOYBBNMENT  SELECTIONS,  BEFOBTS,  Ac. 

THlei  of  Books.  Domar$. 

Bbmgal. — Quarterly  Bengal  Army  lAai  tot  April  lai,  1885.    New  Series,  No.  9S.    8^ 

Calcutta,  1886.  Goyv&xicbht  ov  India. 

I,  Beport  on  Forest  Adminisiration  in  the  Choia  Nagpar  DiFision  of  Bengal,  with 
a  map.    By  D.  W.  Schlich.,  Ph.D.  Flsc  Calcutta,  1886. 

GoYBBVlOiVT  OV  IinXIA. 

BoMBAT. — ^Magnetical  and  Meteorolo^cal  Obsenrations  madeattheGoremmeniObeerratoiy* 

Bombay,  1883.    ^y  Charles  and  F.  Chambers.    4'' Bombay,  1884. 

BOVBAY  QOYXBVKXHT. 

„  Selections  from  the  Becords  of  the  Bombay  Government.  New  Series.  Nos.  167 
— 169.    Flsc    Bombay,  1886.  Bombay  GorBBNMBST. 

IVDIA.— Annual  statement  of  the  trade  and  navigation  of  British  India  with  foreign  coun- 
tries, and  the  coasting  trade  of  the  several  Presidencies  and  Provinces,  in 
the  year  ending  31st  March  1884,  No.  18.    4!"  Calcutta,  1885. 

GOVXBMMBITT  OF  IVDIA. 

„  List  of  Civil  Officers  holding  gaaetted  appointments  under  the  Government  of  India 
in  the  Home,  Legislative,  and  Foreign  Departments,  as  it  stood  on  the  1st 
January  1886.    8''  Calcutta,  1886.  Govbbhkxkt  of  Ikdia. 

„  Meteorological  ObservationB  recorded  at  six  stations  in  India  in  1884^  reduced  and 
corrected.    November  and  December  1884.    4'*  Calcutta,  1884-86. 

GOYBBlTMBirT  OF  InDIA. 

„  Report  on  the  course  of  Instruction  given  at  the  Forest  School,  Dehra  Dun,  during 
1884.    Flsc,  Dehra  Dun,  1885.  Govbbnxbnt  of  India. 

„      Beport  on  the  Meteorology  of  India  in  1883.    By  H.  F.  Blanford.    4''  Calcutta, 

1886.  GOVBBVMBITT  OF  IbMA. 

„  Selections  from  the  Becords  of  the  Government  of  India,  Foreign  Department, 
No.  201.    Flsc.  Calcutta,  1886.  Govbbitxbht  of  India. 

„      Statistical  Tables  for  British  India.    4*"  Calcutta,  1886. 

Gotxbnicbht  of  India. 

Madbas.— Annual  Administration  Reports  of  the  Forest  Department  (Southern  and  North- 
em  Circles),  Madras  Presidency,  lor  the  ofBml  year  1883-84.  Flsc, 
Madras,  1886.  Madbas  Govbbnmbnt. 

Punjab.— District  Gasetteers :  Kangra,  VoL  II,  and  Kamal.    8"  Calcutta  and  Lahore, 

1883-84  Punjab  Govbbnxbnt. 

„  Report  on  the  Administration  of  the  Punjab  and  its  dependencies  for  1883-84. 
Flsc.    lAhore,  1884.  Punjab  Govbbnxbnt. 


TRANSACTIONS,  PROCEEDINGS,  &c.,  OF  SOCIETIES,  SURVEYS,  Ae. 

BATAViA.-^Boekwerken  ter  tafel  gibracht  in  de  Vergadringen  Van  de  directie  der  Kon. 

Nat.  Vereen.  Gedurende  het  Jaar  1884.   Juli— December.    8"  Batavia 
1886.  Thb  Sogibtt. 

„         Catalogus  der  Bibliotheek  van  de  Eon.  Nat    Vereen  in  Nederlandsch-Indie. 
8**  Batavia,   1884.  Thb  Socibtt. 
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TUUs  1^  Books.  Donors. 

BiTATlA.— Natanrknndig  Tijdabhriit  voor  Nederlandsh-Indie.    Deel  XLIY.    8*  Batavia, 

1885.  Thb  Socistt. 

„        NederlandBh-Indifloli  Plakaatboek,  1602^1811,  Deel  I,  door  J.  A.  Van  der 
Chije.    8^  Batavia,  1885.  Thb  Sociitt. 

M         Notolen  Tan  bet  Bataviaaech  (Senootschap  van  Eansten  en  Weienechappen.' 
Deel  XXII.  Afl.  4.    8"  BataWa,  1886.  Thb  Socixtt. 

BllLUr.— Zdteohrift  der  Denteclien  Qeologieohen  Qeselbchaf t.  Band  XXXVI.  heft  4»  (1884), 

and  XXXYII.  heft  1,  (1885).    8^  Berlin,  1884—1885.         Thb  Sooibtt. 

Bofllov.^MemoixB  of  the  Boston  Society  of  Nataral  History.    Yd.  III.    Nos.  8 — 10.    4* 

Boston,  1884.  The  Sooibtt. 

M       Proceedings  of  the  Boston  Society    of  Nataral    Histoiy.    Vol.  XXII.,  parts 
2—8.    8**  Boston,  1888—1884.  Thb  Socixtt. 

Bmroi.— Beport  of  proceedings  at  the  annnal  meeting  of  the  Bristol  Mnsenm  and 

Library,  held  26th  Febmary  1885,  with  list  of  Officers  and  Coancil. 
8*  Bristol,  1885.  Thb  Musbux. 

BiVBSiU.— Annales  de  la  Soci^t^  Royale  Malaoologiqae  de  Belgiqne.  S"**.  S^rie^  Tome 

III.    8^  Bmzelles,  1888.  Thb  Sooibtt. 

„  Froc^Yerbanx  des  S^nces  de  la  Soci^t^  Boyale  Malacologiqne  de  Belgiqne. 

Tome  XU.  p.p.  109—147,  (1883),  and  XIII.  p.p.  1—104  (1884.)  8% 
Brnxelles,  1888— 1884.  Thb  Sooibtt. 

Balletan  de  la  Soci^t^  Boyale  Beige  de   Geographic.    Ann^e  YIII.  No.  6* 
and  IX.  No.  1.    8*  Brnxelles,  1884—85.  Thb  Sooibtt 

Bulletin   dn  Mnsde    Royal  d'Histoire    Natorelle    de  Belgiqne.     Tome  III. 
Nos.  2— 4.    8*  BmxeUes,  1884— 1885.  Thb  Musbux. 

BuDiPUT.- Briintemngen  inr  geologischen    Specialkarto  der  L&nder  der   Ungarisohen 

Krone.    Blattk-^15.    8"*  Budapest,  1884. 

BOTAL  HUVGABIAV  QbOLOOICAL  IkSTITUTB. 

M  Natnrhistorische  Hefle,  heransg^;eben  vom  Ungarischen  National  Mnsenm. 

Band  IX,  No.  1.    8"  Budapest,  1885.  Thb  Musbux. 

CiiOTJTTA.— Jonmal  of  the  Agricultural  and  Horticultural  Sodety  of  India.    New  Series, 

YoL  YIL,  part  8-    8°  Calentta,  1885.  Thb  Sooibtt. 

n  Centonary  Review  of  the  Researches  of  the  Asiatic  Society  of  Bengal,  from 

1784  to  1883.    8"  Calcutta,  1885.  Thb  Sooibtt. 

»  Joomal  of  the  Asiatic  Society  of  Bengal.    New  Series.  Yol.  LIIL,  part  %  No.  8 

(1884),  and  LIY.,  part  1,  Nos.  1—2  (1885).    8^^  Calcutta,  1885. 

\      Thb  Sooibtt. 
H  Piooeedings  of  the  Asiatic  Society  of  Bengal.    Nos.  2—8.    8*  Calcutta,  1885. 

Thb  Sooibtt, 

II  Memdrs  of  the  Geological  Survey  of  India.    YoL  XXI,  parts  8—4.    8^, 

Calcutta,  1885.  Gboi.ooioal  Subybt  ob  India. 

n  Fdfldontologia  Indioa.    Series  lY.  YoL  I,  part  4.    4'' Calcutta,  1885. 

Gbological  Subtbt  ot  Ikdia. 

II  Records  of  the  Geological  Survey  of  India.    Yol.  XYIII,  part  2.    8"  Calcutta, 

1885.  Gbolooioal  Subtbt  ot  Ikdia. 

**  Report  on  the  Axchnological  Survey  of  India.    Yol.  XIX.    8"  Calcutta,  1885. 

HoHB  Dbpabtxbkt. 
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Tiilet  qfBookt,  Donors. 

Calcutta. — Survey  of  India  Department.     Comparative  Boales  of  kiiomeires,  miles  mad 

▼ersts,  the  Russian  alphabet,  and  tables  of  Russian  weights,  mi*asares 
and  money.  Prepared  under  the  direction  of  Colonel  6.  C.  DePr^,  S.C., 
Surveyor  General  of  India.    Flsc.  Calcutta,  1885.        Subvbt  of  Ivdia. 

„  Survey  of  India  Department    Notes  for  March  and  April  18b6.    Flee.  Dehra 

Dun  and  Simla,  1886.  Subtbt  of  Ihdia. 

Caubbidgb. — Nineteenth  Annual  Report  of  the  Museums  and  Lecture  Rooms  Syndicate. 

4*'  Cambridge,  1886.  Thb  Uiiitbbsxtt. 

Proceedings  of  the  Cambridge  Philosophical  Society.    Yol.  V,  parts  1 — 3. 
S*'  Cambridge,  1884—86.  Thb  Socibtt. 

Transactions  of  the  Cambridge  Philosophical  Society.    Yol.  XIY,  part  1. 
4''  Cambridge,  1886.  Thb  Socixtt. 

Cahbbidob,  MiJBS. — Bulletin  of  the  Museum  of  Comparatiye  Zoology.    YoL  YII.  Nos.  1 — 6 

(1881),  Nos.  7—8  (1882),  and  No.  11  (1884),  with  title  page,  oontenU 
and  Index  for  Yol.  YII.    S"*  Cambridge,  1881, 1882  and  1884. 

MUSBUH  OF  COMFABATITB  ZOOLOOT. 

„  Memoirs  of  the  Museum  of  Comparative  Zoology.   Yol.  XI,  part  1.    4^, 

Cambridge,  1884.  Mosbuh  of  Compabatitb  Zoology. 

Dblft.— Annales  de  I'Ecole  Polytechniqne  de  Delft    Livr.  1—2.    4^  Leide,  1884—86. 

L'EcoLB  Polttbchniqub  db  Dblft. 

Dbbsdbit. — Festschrift  der  Naturwissenschaftlichen  Qesellschaft  Isis  in  Dresden.    8"  Dree- 

den,  1886.  Thb  Socibtt. 

Dublin* — Scientific  Proceedings  of  the  Boyal  Dublin  Society.    New  Series.  YoL  lY,  parts 

6—6.    8^  Dublin,  1884— 86.  Thb  Socibtt. 

„        Scientific  Transactions  of  the  Boyal  Dublin  Society.    New  Series.    Yol.  III. 
Nos.  4—6.    4''  DttbHn,  1884—86.  Thb  Socibtt. 

EDiiiBUBOH.*^TranBactions  of  the  Boyal  Scottish  Society  of  Arts.    Yol.  XI,  part  2.    8° 

£dinburgh,1884.  Thb  Socibtt. 

Gbvbya. — ^M^moires  de  la  Soci4t^  de  Physiqne  et  d'Histoire  Naturelle  de  Gen^Te.    Tome 

XXYIII,  part  2.    4**  Gen^Te,  1883-84.  Thb  Socibtt. 

Hallb. — Nova  Acta  Academise  Csesarefle   Leopoldino-Caiolinio  Germanics  Naturae  Cnrio- 

soram  zu  Halle.    Yols.  XLY  <&  XLYI.    4""  Halle,  1884.   Thb  Acadbmt 
„       Leopoldina.    Heft  XIX.    4''  Halle,  1888.  Thb  Acadbht. 

Hobabt  Towk. — ^Pftpers  and  Proceedings  of  the  Boyal  Society  of  Tasmania  for  1884. 

8**  Hobart  Town,  1886.  Thb  Socibtt. 

LATJSiLNKB.— Bulletin  de  la  Socidt^  Yandoise  des  Sciences  Naturelles.    2nd  S^rie.    Yol.  XX. 

No.  91.    ^  Lausanne,  1886.  Thb  Socibtt. 

Lbtdbv.— Sammlungen  des  Geologischen  Beich8>Musenm8  in  Leiden.    I.    Beitrage  sur 

Geologic  Ost-Asiens  und  Australiens.    Heft.  1—10.    By  Dr.  K.  Martin 
and  A.  Wiohmann.    8*^  Leiden,  1881—84. 

Libob.— Annales  de  la  Soci^t^  G^ologiqne  de  Belgique.    Tome  X.    S*'  Li^,  1882^3. 

Thb  Socibtt. 

Lisbok. — Commnttioa^6es  de  Sec^fto  Dos  Trabalhos  Geologioos  de  Portugal.    Tome  I.  fasc  1. 

8**  Lisboa,  1886.  Gboloqical  Subtbt  of  Pobtugal. 

LoBDOK. — Catalogue  of  the  Fossil  -Mammalia  in  the  British  Mnsenm,  (Natural  History.) 

Part  I.  By  Bichard  Lydekker.    8*^  London,  1886.  Thb  Musbux. 
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Lojri>ojr.'— Journal  of  the  Anthropological  Institote  of  Great  Britain  and  Ireland.  Vol.  XIV. 

No.  8.    ^  London,  1886. 

»  Journal  of  the  Iron  and  Steel  Institute.    No.  2.  1884.    8""  London,  1884. 

Thi  Ihshtutb. 

ft  Journal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland.    New  Scries. 

Vol.  XVII,  part  1.    8°  London,  1886.  Ths  Socistt. 

Journal  of  the  Society  of  Arts.  Vol.  XXXIII.  Nos.  1684—1697.     8''  London 
1886.  The  Socibtt- 

n  Mineralogical  Magazine  and  Journal  of  the  Mineralogical  Society.    Vol.  VI, 

No.  28.    8"*  London,  1884. 

M  Proceedings  of  the  Boyal  Geographical  Society.    New  Series.    Vol.  VII.  Nos. 

1—4.    8°  London,  1886.  Thb  Socibtt. 

Proceedings  of  the  Boyal  Society  of  London.    Vol.  XXXVIII.  No.  233.    8^ 
London,  1884.  Thb  Socibtt. 

•I  Quarterly  Journal  of  the  Geological  Society  of  London.    Vol.  XLI.  No.  161 . 

8**  London,  1886.  Thb  Socibtt. 

Mai>bkx> Boletin  de  U  Sociedad  Geografica  de  Madrid.    Tome  XVIII.  Nos.  1-4.    8° 

Madrid,  1886.  Thb  Socibtt. 

11 AVO;^  KsTSfi.— Transactions  of  the  Manchester  Geological  Society.  Vol.-  XVIII,  parts  4—9 

8*  Manchester,  1886.  Thb  Socibtt. 

Mbibo^^]ix, — Reports  of  the  Mining  Registers  for  the  quarter  ending  81st  December,  1884 

Flso.  Melbounu^,  1886. 

Dbtabthbiit  of  Miubs  abd  Watbs-817FFLT,  Victobia. 

ilo8co^«V'...BnlIetin  de  la  Soci^t^  Imp^riale  des  Naturalistes  de  Moscow.    Tome  XXXIV 

No.  3.    ^  Moscow,  1861. 

M  UB I  c ^ • — ^Astronomisch-geodatische  Bestimmungen,  des  Bayerischen  Dreiecksnetxe  s.    Sup- 

plementband  X,  8^  M  iinchen,  1871  Thb  Acadbxt. 

'*  Nachtrage  zu  den  Zonenbeohachtungen  der  Stemwarte  bei  Miinchen.    Supple- 

mentband  XIV.    8''  Miinchen,  1884.  Thb  Acadbxt. 

N(WCAaxu.oK-TTNB.— Transactions  of  the  north  of  England  Institute  of  Mining"  and 

Mechanical  Engineers.    Vol.  XXX IV«  part  2.    8^  Newcastle-on- 
Tyne,  1886.  Thb  Institutb. 

„  An  account  of  the  strata  of  Northumberland  and  Durham  as  proved 

by  borings  and  sinkings.     F.-K.    8*^  Newcastle-on-TV^ne,  1886. 

Thb  Institutb. 

^^''••'^Bulletin  de  la  Sod^ttf  G^logique  de  France.    3"*  Stfrie.    Tome  XIII,  Nos.  1-2 

8*  Paris,  1886.  Thb  Socibtt. 

Bulletin  de  la  Socidtd  de  Geographic,    r*"*  S^rie.    Tome  VI,  No.  1.    8""  Paris 
1866.  Thb  Socibtt. 

"  Compte  Rendu  des  Stances  de  la  Soci^t^  de  Geographic.    Nos.  1—11.    8^  Paris 

1886.  Thb  Socibtt. 

"^^Al>^X.PHiA.--Joumal  of  the  Franklin  Institute.    £'*  Series.  Vol.  LXXXIX,  Nos.  3—6, 

8""  Philadelphia,  1886.  Thb  IirsTircrTB. 

Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia.  Part 
III,  (1884),  and  I  (1886).    8"  Phikdelphia,  1884-1886. 

Thb  Acadbmt. 
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Tiilu  of  Booh*.  Donort. 

PlBA. — Atti  della  Societa  Toseana  di  Scienze  Natarali.    Memorie,  Vol.  lY,  faao.  8.    8*  Piaa, 

1886.  Thb  Socistt. 

„        Atti  della  Societa  Toeoana  di  Soienae   NatunJi.     Prooessi    Verbali.     Vol.  lY, 

pp.  147—202.    9r  Pisa,  1886.  Thi  Socixtt. 

RoMB.— Bolleitino  del  B.  Comitato  Geologioo  dltalia.    Vol.  rV.    h*"  Boma,  1884. 

Thb  Comcnsiov. 

„         Belazione  bqI  Servizio  MiDerario  nel  1882.    8*  Boma,  1884. 

Thb  C0VMI8810V. 

8A.CBAVliiTO.^!Jalifornia  State  Ifining  Burean.    Fourth  annnal  report  of  the  State  Miner- 
alogist for  the  year  ending  ISth  May  1884.    8*  Sacremento,  1884. 

Cauvobvxa  Statb  Mururo  Bubjuv. 

St.  Pbtbbsbubo. — Bnlletia  de  L'Aoadtfmie    Imptfriale  des  Soiences  de  St.  P^tersbooig. 

Tome  XXI,  No.  6,  (1876),  and  XXIX,  Nos.  2—3,  (1884).    4*  St  Patera, 
boarg,  1876  and  1884.  Thb  Acadbmt- 

„  Mfooires  de  L'Acad^mie  Imperiale  das  Sciences  de  St.  P^tersboarg.    7** 

Serie.    Tome  XXXH,  Nos.  4— 12.    4'' St  P^tersbonig,  1884. 

Thb  Acabbxt. 

„  Bnlletin  of  the  Geological  Commission.    Vols.  Ill,  Nos.  8 — 10,  and  IV 

Nos.  1—2.    8^  St  Petersborg,  1884—1886.  Thb  Comicissiov, 

„  Mtfmoires  da  Comittf  Q^logiqae.    Vol.  II,  No.  1.    4*  St  P^tersboorg 

1886.  Thb  OoKmaaiov. 

Salbh. ^Annual  Beports  of  the  Trustees  of  the  Peabody  Academy  of  Science,  1874  to  1884 

8"*  Salem,  1886.  Thb  Aoadbht. 

„         Bulletin  of  the  Essex  Institute.    Vol.  XV,  Noe.  10—12.    8^  Salem,  1883. 

Thb  Ihstitutb. 
„         Proceedings  of  the  American  Association  for  the  advancement  of  Science.    82nd 

Meeting.    8°  Salem,  1884.  Thb  Association. 

Sak  Fbahcisco — Bulletin   of  the  California   Academy  of  Sciences,  Nos.  2—3.    8"  San 

Francisco,  1886.  Thb  Aoadbmt. 

Stdkbt — Australian  Museum,  Sydney.    Catalogue  of  the  Australian  Hydroid  Zoophytes. 

By  W.  M.  Bale.    8"*  Sydney,  1884.  Thb  Musbum. 

„        Supplement  to  the  B«port  of  the  Committee  of  Management  of  the  Australian 
Museum  for  1884.    Fisc.  Sydney,  1886.  Thb  Musbuv. 

I  Tobibo— Atti  della  B.  Acoademia  delle  Scienzo  di  Torino.  Vol.  XX,  Nos.  1 — 6.    8^  Torino, 

1886.  Thb  Acadbkt. 

„  Memorie  della  Beale  Acoademia  delle  Scienze  di  Torino.  Serie  II.  Tomo.  XXXV. 

4**  Torino  1886.  Thb  Acabbmt. 

Vibbha — Abhandlungen  der  K.  K.  Geologischen  Beichsanstalt,  Band  XII.  Lief  4.  4^  Wien, 

1884. 

„        Jahrbuch  der  K.  K.  Geologischen  Beichsanstalt,  Band  XXXIV,  heft.  4.  8*  Wien, 
1884.  Thb  Ibstitutb. 

„        Verhandlungen  der  E.  K.  Geologischen  Beichsanstalt,  Nos.  3-8.  8''  Wien,  1886. 

Thb  Ibstitutb. 

„        Denkschriften  der  E.  K.  Akademie  der  Wissenschaften,  Band  47.  4°  Wien,  1883. 

Thb  Acadxmt. 
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2Wfl»  qfBookt.  JDonoTB. 

VmVA— 8itsiiiigBberichie*der  K.  E.  AkademiederWissenBoliaften.   BandLXXXVII  Abth. 

n,  heft.  4-6.    Band  LXXXYin  Abth.  I,  heft.  1—5 ;  Abth.  II,  heft. 

1—5 ;  Abth  III,  heft.  1—5.     Band  LXXXIX,  Abth.  II,  heft.  !•— 5 ; 

Abth.  Ill,  heft.  1—2.    8*  Wien,  1883-1884  Thb  Acja>SHY. 

Wabhivotok—- Bulletinof  the  U.  S.  Geological  Survey.  No.  8.    8^  Washiogton,  1884. 

U.  S.  GXOL.  SUBVBT. 

„  Memcurs  of  the  National  Academy  of  Sciences.  Vol.  II.    4°  Waehington,  1884. 

Ths  Acadbmt. 

ToBK— Annnal  Beport  of  the  Conndl  of  the  Torkshire  Philosophical  Society  for  1884.    8" 

York,  1885.  Thb  SociBTr. 


MAPS. 

Carte  G^logiqne  Qtfnerale  de  la  Bossie  d'  Europe  pnbli^  par  le  Comity  G^ologiqne.    Feaille 

71*1885.  Thb  Couhissiok. 

Geologisbhe  Earte  des  Ostabhangea  des  Urals.  (3  aheefs.)  Tab  CoxMiBsioir. 
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of  tJie  Progress  of  Geological  work  in  the  CKhattisgarh  Division  of  the 
mtral  Provinces,  by  William  Kino,  B.A.,  D.Sc.,  Superintendent^  Geological 
irvey  of  India.     (With  a  map.) 

le  large  area  of  conntiy  inclnded  nnder  the  above  heading  embraces,  besides 
jkttisgarh  proper,  a  small  tract  on  the  eastern  edge  of  Balaghat  and  Mnndla 

le  one  side,  and  a  mnch  wider  extent  of  the  Sirgnjah  and  Gangpur  territories 

Lota  Nagpnr  to  the  far  east.     At  long  intervals,  since  1866-67,  traverses 

the  whole  region,  or  at  several  points  on  its  borders  and  within  it,  were 

by  Messrs.  Medlicott,  W.  T.  Blanford,  and  Ball,  their  observations  having 

recorded  in  manuscript  or  in  the  publications  of  the  Survey.^ 
The  more  connected  examination  of  the  area  has  been  resumed  within  the 
two  years,  and  on  the  following  already  recognised  provisional  succession  of 

ktions : — 


Decoan  trap, 
Kamthi. 
Barakar, 
Talohir, 


^  LOWBB  OOKDWAKA. 


Limestone  member,  i  ,  ._ 

Sand.tone       ..        }  ^^^»"  Vindhyaks. 

Chilpi  beds.  P        Bo. 

CBTSTALLimni. 

It  was  to  be  expected  that  closer  work  might  possibly  lead  to  a  modification 
or  even  an  enlargement  of  this  list :  as  will  be  seen  later  on,  this  has  been  the 
case  in  so  far  as  I  have  been  led  to  look  on  certain  rocks  as  belonging  to  a  tran- 
sition eerieB  rather  than  to  the  Lower  Yindhyans, — a  view  at  which  I  had  arrived  on 


>  Medlicott,  M.8. 1866-67.  BUnford,  M.S.  1869-70.  Becords,  G.  S.  I.,  III.,  pp.  54  and 
71.  Ball,  Records,  G.  S.  I.,  IV.,  p.  101 ;  ¥1111,  p.  102;  X.,  pp.  167  and  18&  Manual  of  the 
Geology  of  India,  Part  L  pp.  75, 128,  and  199. 
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independent  obserration  of  strata  which  had  not  escaped  the  vigilant  scratmy  of 
Mr.  Medlicott,  who  was  also  struck  with  their  sab-metamorphic  facies. 

The  sequence  of  the  limedtone  and  sandstone  members  of  the  Lower  Vindhj. 
ans  of  the  Chhattisgarh  basin  has  already  been  discnssed  to  some  extent  bj  Mr. 
Ball  in  these  Records,  ^  partly  without  dne  regard  to  the  extent  and  completeness 
of  the  basin  in  itself  and  through  a  comparison  of  these  with  certain  members  in 
adjacent  regions.  The  evidence  gained  in  the  present  examination  is,  however,  so 
clearly  corroborative  of  Mr.  Medlicott's  first  position  that  all  questions  regarding 
it  may  now  be  laid  aside.  At  the  same  time,  not  only  on  this  point,  but  on  the 
view  of  the  interpolation  of  a  transition  series  and  the  possible  absorption  by  it 
of  some  at  least  of  the  rooks  included  under  the  Chilpi  beds,  it  would  long  ago 
have  been  of  the  greatest  advantage  had  Mr.  Medlicott's  progress  report  been 
published.  Its  reproduction  is  now  more  desirable  than  ever,  and,  with  tbe 
Director's  permission,  it  is  embodied  in  the  present  paper. 

The  most  striking  feature  of  the  Chhattisgarh  countiy  is  its  great  plain  or 
basin  which  stretches  far  to  the  eastward  and  southward  from  the  foot  of  the 
steep-crested  and  ridged  slopes  fringing  the  MandlarAmarkantak  plateau,  or 
that  part  of  it  which  is  called  the  Maikal  range.  This  range,  and  a  greet 
N.-S.  spur  stretching  into  Balaghat  and  Bhandara  as  the  Saletekri  hills,  foim  a 
sort  of  rectangular  north-west  comer  of  the  basin.  Not  far  from  the  aouthem 
end  of  the  Saletekris,  the  southward  limitation  of  the  basin  is  formed  by  the 
much  lower  Baipur,  Bilaighar,  and  Sarangarh  hills,  the  skirls  of  the  long  north- 
em  slopes  of  which  trend  north-north-eastwards  past  Baipur  and  then  away 
along  the  right  bank  of  the  Mahanadi  ending  in  the  Bara  Pahar  range,  some 
30  miles  west  of  Sambalpur.  The  latter  range  drops  down  to  the  great  river,  on 
the  opposite  or  left  bank  of  which  the  rim  or  edge  of  the  basin  is  continued  in  a 
series  of  high  ridges  striking  north-westward  past  Baigarh,  thus  closing  in  the 
great  plain  at  its  eastern  end.  The  hilly  border  is  thence  continued  rather  more 
west-north-westward  across  the  Mand  and  Hasdu  rivers,  and  so  by  detached  and 
lesser  ridges  past  Batanpur  (some  30  miles  north  of  Bilaspur)  to  the  foot  of  the 
slopes  of  the  Maikal  range  below  Amarkantak. 

No  more  perfect  geographical  and  geological  basin  could  be  instanced ;  for, 
except  on  the  west  and  north-west  sides,  the  rim-like  edging  of  hills  and  ridges 
consists  of  gently  or  more  strongly  up-turned  beds  rising  from  under  the  flat- 
ter-lying  strata  of  the  plain  with  which  they  are  f ormationally  associated.  We 
have  thus  come  to  distinguish  what  may  be  called  the  rocks  of  the  plain,  and 
those  of  the  rim  as  synonymous  with  the  '  limestone  '  and  '  sandstone  '  members 
of  the  Chhattisgarh  Yindhyans. 

The  Korba  plains  to  the  north-east  of  Bilaspur  form  a  sort  of  supplementary 
or  outside  stretch  of  low  country ;  but  this  cannot  be  looked  on  as  a  part  of  the 
proper  basin,  from  which  it  is  separated  by  the  low  ridges  and  larger  hiU  masses 
of  Batanpur,  Soti,  and  Dnlha,  while  its  main  rivers,  namely  the  Arpa»  Hasdu, 
and  Mand,  cut  across  or  through  this  part  of  the  rim  in  their  course  to  the  Maha- 
nadi. This  tract  i^  also  geologically  distinct,  being  made  up  of  crystallines  and 
Gondwana  rocks. 

>  Vol  X.  p.  167. 
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The  Pendra  upland  to  the  north,  which  might  also  be  considered  a  portion  of 
the  northern  edge  of  the  great  basin,  is  remarkable  as  being  a  part  of  the  divide 
between  the  great  southern  feeders  of  the  Ganges  and  the  northern  drainage  of 
the  Mahanadi,  as  well  as  the  connecting  link  between  the  Amarkantak  end  of 
tlra  Satpnra  range  and  the  lofty  plateau  highlands  of  Chota  Nagpur. 

Cbtstalline  Series. 

It  is  scarcely  necessary,  even  if  it  were  possible,  considering  the  very  cursory 
form  of  examination  consequent  on  attention  having  been  given  to  more  im. 
portant  formations,  to  dwell  at  any  length  on  the  different  gneisses  and  granitoid 
roeks  constituting  the  floor  of  this  field ;  though  a  general  idea  of  their  mode  and 
style  of  occurrence  may  here  be  given. 

On  the  north  side  of  the  basin,  that  is,  by  Lurmi,  Pendra,  Mahtin,  IJprora, 
and  Korba,  good  strong-bedded  gneisses  of  the  more  massive  quartzose,  quartzo- 
felspathic,  and  homblendic  varieties,  are  common,  particularly  in  the  slopes  or 
ghftts  separating  the  Pendra  country  from  the  Bilaspur  plains ;  though  the  upland 
itself,  as  far  north  as  Pendra  at  any  rate,  is  of  unfoliated  and  very  coarsely 
granitoid  kinds.  The  gh&t  rocks  are  all  more  or  less  foliated,  or  laminated 
and  bedded,  in  a  general  E.-W.  strike,  with  a  high  dip  to  southwards,  though 
this  becomes  less  and  less  inclined  towards  the  foot  of  the  hills.  A  cross  traverse 
from  Pendra  southwards  by  the  Suknai  and  Arpa  valleys  shows  the  granitoid 
rocks  to  the  edge  of  the  upland,  where  they  are  succeeded  by  the  foliated 
gneisses  with  which  are  associated  frequent  thick  beds,  or  sheets  of  coarsely  crys- 
tallized red  felspathic  granites,  or  more  highly  altered  forms  of  gneisses.  Strong 
quartzose  gneisses,  quartz-rocks,  and  some  schists,  still  having  the  E.-W.  strike, 
come  in  below  the  gh&ts  and  occupy  the  low  country  (much  covered  up  with 
alluvium)  nearly  as  far  as  the  Batanpur  group  of  hills.  Other  traverses  in  the 
same  direction  but  further  and  further  east,  over  the  Lapha  hills,  or  from  Mahtin 
down  to  Korba,  and  in  Uprora,  show  a  similar  succession  of  gneisses.  The 
general  E.— W.  strike  is  not  only  seen  in  the  rocks  themselves,  but  it  is,  as  it  were, 
stamped  on  the  face  of  the  country  in  the  wonderful  system  of  long,  narrow, 
and  deeply-carved  ridges  and  valleys  to  the  south  of  Pendra  and  about  Mahtin. 

In  the  Korba  valley,  the  crystallines  are  extensively  covered  up  by  Gondwana 
rocks ;  but  a  belt  of  granitoid  gneisses,  with  subordinate  homblendic  and  quart- 
zose schists,  shows  a  few  miles  to  the  south  and  south-east  of  the  town,  and  narrows 
off  in  the  latter  direction  towards  the  Mand  river.  Gondwanas  and  Yindhyans 
then  intervene  as  far  as  Baigarh,  where  a  further  thin  belt  of  quartzo-felspathic 
granitoid  rocks,  with  frequent  ridges  of  quartz  schists  or  quartz-rock  (occasionally 
having  more  the  character  of  fault  rock)  and  bosses  of  homblendic  or  syenitoid 
varieties^  stretches  in  a  south-east  direction  towards  Sambalpur. 

?  Transition  Series. 

In  treating  of  these  rocks,  I  labour  under  the  disadvantage  of  having  seen 
thena  in  detached  areas  and  then  only  on  a  traverse  while  marching  across 
country  to  take  up  a  far  distant  coal-field  near  Sambalpur ;  or,  later  again,  when 
more  especially  following  out  the  northern  edge  of  the   Ghhattisgarh  basin. 
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Further,  they  are  at  these  places  in  contact  or  very  close  to,  and  in  some  of  their 
characters  not  unlike  bottom  strata  of  the  Lower  Yindhyan  ontczx^ipB. 

On  the  march  from  Pendra  south  to  Bilaspur,  the  gneissic  rocks  were  traced 
into  the  rugged  low  country  of  Kenda;  beyond  which  lies  a  wide  stretch  of 
superficial  deposits  in  the  Khaira  valley,  extending  to  the  northern  skirts  of  the 
low  group  of  Batanpur  hiUs  where  are  traces  of  quartz  schists  not  so  manifestly 
gneissic  as  those  to  the  north  in  Kenda.  The  higher  hill  block  west  of  Bafcan- 
pur,  or  to  the  north  of  the  old  city,  is  made  up,  on  its  south-western  slopes  at  leasts 
of  a  decidedly  different  set  of  rocks — ^namely,  hard,  massive,  quartzose  strata, 
generally  of  a  green  colour,  associated  with  foliaceous  and  rather  compact  green 
mica  schists  or  coarse  clay  slates  weathering  of  pale-brown  and  reddish  colours. 
There  are  also  thick  bands,  apparently  in  the  strike,  of  dark-green  traps  (green- 
stones) or  trappoids.  The  low  hillocks  to  the  west  and  south-west  of  the  old  city 
consist  of  low-dipping  quartzite  sandstones  and  shales.  There  is  some  twisting 
and  rolling  about  of  the  beds ;  but  the  general  strike  is  N.W.-S.E.,  the  dip  being 
to  the  north-eastward.  The  low,  but  very  steep,  ridge  on  the  western  side  of 
the  Dulha  tank  is  of  much  crushed  and  white  quartz-stringed  quartzite  (nearly 
quartz  schist)  having  a  high  dip  to  north-east. 

Here,  therefore,  without  taking  into  account  thp  different  style  of  the  rocks, 
is  a  series  having  a  strike  in  strong  .contrast  with  the  prevalent  E.-W.  one  of  the 
proper  crystallines;  and  not  only  is  this  the  case,  but  even  a  stronger  discordance 
exists  between  them  and  the  Vindhyans,  for  these  quartz  schists  of  the  Dnlha 
ridge  are  crossed  at  their  southern  end  by  bottom  sandstones  of  the  latter  series 
which  are  striking  W.  by  S.-B.  by  N.  and  dipping  20°-30°  southward.  These 
sandstones  are  only  some  60  or  70  feet  in  thickness,  but  they  are  well  marked 
in  the  long  low  ridge  forming  here  a  part  of  the  Hp  or  rim  of  the  great  basin. 
The  section  is  quite  clear  on  the  Bilaspur-Batanpur  high  road. 

The  next  exposure  of  similar  rocks  lies  some  12  miles  to  the  east-south-east, 
on  the  western  slopes  of  the  Soti  hill  (2,646  feet)  mass.  On  passing  eastward 
from  the  Yindhyan  limestones  of  the  plain,  about  Pondi  and  Bamini,  I  found 
that  the  first  ridges  are  of  strongly-crushed  quartzite  and  quartz  schists,  exactly 
like  those  of  the  Dulha  tank  ridge,  having  very  much  the  same  strike  and  verti- 
cal or  with  a  high  inclination  to  the  eastward.  These  are  then  succeeded,  after 
a  narrow  strip  of  covering  alluvium,  in  the  slopes  by  strong  compact  sclusts  or 
coarse  clay-slates,  and  hard  massive  dark-g^en  quartzose  rocks,  with  which  are 
associated,  to  all  appearance  in  the  strike,  greenstones  and  trappoid  rocks.  Like 
rocks  are  traceable  over  the  Nilagar  valley  into  the  Dxdha  hill  (2,447  feet) 
mass  to  the  southward  and  away  in  an  east-north-east  direction  by  Baluda,  almost 
as  far  as  Panora  on  the  road  to  Korba ;  the  more  prominent  exposures  being, 
however,  quartz-rock  or  quartz-schist  still  having  a  generally  N.-S,  strike.* 

Lower  Vindhyans. 

Mr.  Medlicott*s  so  long  reserved  progress  report  will  form  a  fitting  introdnc- 
tion  to  the  consideration  of  these  rocks. 

'As  will  be  seen  in  the  next  section,  Mr.  Medlicott  bnd  also  visited  this  0ulha-Soti  arei, 
bnt  my  observations  were  made  without  having  previously  seen  bis  report. 
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Vtndhyans  of  the  Mahanadi. 

"  When  I  first  came  npon  these  rocts  in  this  section  of  the  Hasdu,  I  took 

them  to  be  Talchirs,  and  even  tried  for  a  couple  of  day 
TUchirg.  '^"°*   *°*^*  ^  accept  them  aa  such.     The  colouring  of  Mr.  Hislop's 

map  gave  a  direct  determination  to  this  view ;  and  at  this 
particular  spot  it  chances  that  the  rocks  lend  themselves  to  that  supposition : 
there  are  thick  beds  of  fine  calcareous  clajs  in  abrupt  contact  with  gneissose 
rocks.  But  the  notice  from  the  first  of  a  considerable  departure  from  the  Tal- 
chir  type  rapidly  widened  into  a  total  separation ;  although  characteristic  Tal- 
chir  rocks  were  observed  at  a  short  distance  to  the  north,  I  looked  in  vain  for 
them  here ;  and  characters  were  soon  observed,  which  have  never  been  noted  in 
Talchirs,  but  which  are  common  in  pre-Talchir  groups. 

^    ,  "  The  sandstones  are  strons^lv  bedded,  often  coarse  and 

Sandstones.  ,  . 

rusty,  often  pure  and  fine,  quartzite  sandstones. 

"  There  are  massive  fine  homogeneous  clays,  often  affecting  a  flat  nodular  struc- 

ture  (resembling  somewhat  the  splintery  clays  of  the  Tal- 
chirs).    There  are  also  finely  laminated  siliceous  shales ; 
these  are  often  calcareous,  and  pass  insensibly  into  finely  laminated  siliceous  lime- 
stones, in  the  manner  so  common  with  some  of  the  lower- Yindhyan  bands  of  the 

Sone  and  of  Bundelkhand.     These  shales  seem  also  con. 

nected  with  fine  flaky  siliceous  and  qucui-ielspaihio  beds, 

very  hard  and  compact  (porcellanic)  on  a  fresh  fracture,  but  betraying  their 

flakiness  by  weathering.    These  beds,  too,  find   their   exact  analogues  in  the 

lower- Vindhyans. 

"  Limestone  is  perhaps  the  commonest  rock  at  the  surface  all  over  the  plains  of 

Chhattisgarh.   It  is  seldom  a  pure  homogeneous  rock,  being 
often  flaky  and  earthy-siliceous,  and  often  also  the  siliceous 
matter  is  distributed  in  strings  or  in  irregular  concentric  concretions. 

"  It  would  seem  to  be  only  in  the  most  general  way  that  these  several  rocks 

observe  any  order  of  position.  I  think  all  these  types 
may  be  observed  as  a  bottom  rock,  resting  upon  the  meta- 
morphics.  But  there  is  a  decided  preponderance  of  the  sandstone  in  this  position. 
It  would  seem  that  the  sandstones  never  attain  a  considerable  thickness  save  at 
or  near  the  base  of  the  series ;  I  would  conjecture,  too,  that  they  are  altogether 
absent  towards  the  top.  This  variability  in  the  deposits  is  also  a  point  of  simi- 
larity with  the  lower- Vindhyans,  and  with  the  rocks  described  this  year  by 
Blanford  in  the  Godavari  area. 

"  As  the  most  frequent  bottom  rock,  the  sandstones  are  seldom  seen  in  force, 

except  near  the  boundary ;   but  they  are  nowhere  so  much 
"   '  '^  ^    '  developed  as  in  the  south-east,  resting  on  the  gneiss  of  the 

Jonk  area  and  of  Sambalpur,  and  forming  ridges  running  northwards  from  that 
area.  If  one  wanted  an  appropriate  nama  for  the  band,  "  the  Ghandarpur  sand- 
stone"  might  be  adopted.  I  have  nowhere  seen  them  so  well  exposed,  or  in  so 
great  force,  as  in  the  ridges  running  south  from  the  Mahanadi  at  Ghandarpur. 

*'  I  can  indicate  no  constant  position  for  the  limestone.     It  seems  thoroughly 
associated  with  the  shales  overlying  the  Ghandarpur  sandstone. 
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'*  The  position  here  distinctly  assigned  to  the  sandstone  is  the  same  as  is  con- 
jectured by  Blanf ord  for  the  Pranhita  sandstone,  with  reference  to  the  Pern  shales. 
In  the  Sone  area  a  qnartzite  sandstone  is  the  most  general  bottom  rock  of  tlie 
lower- Vindhyans. 

"  In  describing  the  boundaries  of  these  rocksi  the  foregoing  observations  will 
be  illustrated  and  amplified. 

"  The  boundary  of  these  Vindhyans  with  the  crystalline  roclcs  on  the  south  is 

much  more  simple  than  on  any  other  side.    Here  only  is 
Southern  boundary.  .,  j»x?j.j  •         i  *-^  nj 

there  a  distinct  and  uneqmyocal  case  of  simple  unaltered 

super-position.    Close  to  the  right  bank  of  the  Mahanadi,  east  of  Arang,  the  shalj) 
flaggy,  dark  siliceous  limestone  shows  with  a  steady  inclination  of  3°  to  4*^  to  west- 
wards ;  and  on  the  rising  ground  to  eaatwards  the  strong- bedded  sandstones  pass 
up  from  beneath  the  limestones  and  shales  to  form  a  low  range  of  hills.    These 
hills  present  a  gentle  slope  to  the  west,  and  are  scarped  along  the  eastern  face, 
in  which  can  be  admirably  seen  the  junction  of  the  massive  sandstone  resting  on 
coarse  granitoid  gneiss,  and  largely  made  ud  of  its  debris;  this  debris  is  not 
coarse  and  water-worn,  but  gravelly,  and  still  undecomposed.     The  very  gradual 
nature  of  the  junction  is  well  seen  in  the  east-west  gorges,  the  crystalline  rocb 
appearing  in  the  valley  for  a  mile  or  more  to  westwards  of  the  general  north 
and  south  line  of  scarp,  and  with  sloping  scarps  of  sandstone  on  either  side* 
From  the  steadiness  of  this  feature,  I  was  led  to  conjecture  that  the  eaatem  exten- 
sion of  the  sandstone  would  be  limited  with  much  regularity  by  the  north  and 
south  line  of  scarp.     I  was  therefore  surprised  to  find  the  sandstones  at  one  spot 
half  a  mile  in  front  of  that  line,  and  at  the  general  level  of  the  crystalline  are 
of  the  Jonk ;  but  this  is  little  more  than  100  feet  below  the  line  of  junction  in  toe 
scarp ;  I  imagine  however  that  such  outliers  are  exceptional  on  this  side  of  the 
granitic  area.    In  passing  eastwards  along  the  road,  the  scarped  hill  range  I 
have  just  described  is  seen  to  the  north  curving  round  to  the  east  towards 
Sarangarh ;  and  I  have  no  doubt  the  rock-features  are  quite  similar  to  those  on 
the  east,  the  sandstones  thus  encircling  the  crystalline  rocks  on  west  and  north. 

"The  Raipur  and  Sambalpur  road  runs  nearly  east  and  west,  and  for  50 
miles  there  is  no  rock  but  crystallines ;  the  sandstone  hills  appearing  at  a 
greater  or  less  distance  on  the  north.  In  Phuljhar  there  is  a  break ;  a  bay  (now 
a  region  of  hills)  of  Vindhyan  rocks  stretches  southwards  from  the  main  area 
of  the  Mahanadi,  separating  the  crystaUines  of  the  Jonk  from  those  of  Sambal- 
pur ;  the  two  being  probably  continuous  on  the  south,  in  the  Borasambar  State. 
For  a  long  distance  to  the  west  along  the  road  the  high  scarped  ridge  of  Siswal, 
in  Phuljhar,  betrays  the  presence  of  more  regular  stratified  rocks.  On  the  road, 
a  few  score  yards  to  east  of  the  Elatli  river,  on  meridian  83^,  one  comes,  withont 
any  separating  surface  feature,  upon  fine  crushed  and  slaty  silt  beds,  with  some 
associated  beds  of  brown  coarsish  sandstone.  Although  much  compressed,  the 
stratification  is  not  greatly  disturbed,  .as  can  be  seen  by  the  lie  of  the  sandstone, 
and  by  the  position  of  the  imperfect  nodular  structure  of  the  clays  which  seems 
always  to  preserve  the  flatness  in  the  plane  of  bedding.  I  at  once  reoogmsed 
these  rocks  as  identical  with  what  I  had  seen  about  the  north  boundary  and 
elsewhere   in    the  Vindhyan   area;    and  hopes  were  raised,  that  in  the  high 


PABT  4.]      King  :  Progreii  cf  Oeological  toori,  Chhattisgarh  Division.      175 

scarped  hills  close  by  on  the  east  I  should  find  higher  beds  of  the  series  than 
any  I  had  yet  seen.  On  approaching  Bindala  hill  (some  16  miles  north  of  the 
road)  I  was  surprised  to  come  again  upon  crystalline  rocks  on  the  low  ground  and 
reaching  up  to  the  foot  of  the  scarp.  Further  exploration  in  the  same  north-east- 
erly direction  confirmed  this  observation :  crystalliiies  weather  out  here,  there, 
or  anywhere,  from  under  the  sandstone,  with  small  regard  to  levels.  Thus  the 
general  character  of  the  junction  here  is  the  same  as  to  west  of  the  Jonk;  the 
bottom  portion  of  the  sandstone  in  the  Phuljhar  hills  is  disposed  to  be  shaly 
rather  than  coarse  and  massive  like  that  of  the  boundary  in  Baipur;  and  the 
fine  argillaceous  beds,  the  first  rock  noticed  in  these  eastern  sections,  was  not 
observed  in  the  single  section  I  examined  west  of  the  Jonk  (from  the  greater  re- 
gularity of  the  boundary  there,  I  dare  say  they  are  nowhere  exposed) ;  but,  as 
already  remarked,  these  argillaceous  rocks  are  exactly  like  beds  seen  elsewhere, 
and  I  beheve  them  here,  as  elsewhere,  to  underlie  and  partly  to  represent  the 
sandstone  which  caps  the  gneiss  of  the  higher  levels.  In  these  sections  we  thus, 
find  locally  well  exhibited  what  I  have  stated  to  be  the  relation  of  the  sand- 
stone generally — that  it  cannot  be  looked  upon  as  a  bottom  group  of  the  series, 
although  very  often  seen  as  bottom  rock.  There  is  no  presumption  either  that  it 
is  generally  represented  along  any  horizon.  I  can  give  no  certain  criterion  of  the 
beds  which  overlie  the  sandstones  as  compared  with  those  which  underlie  them ; 
the  latter  appear  to  be  less  shaly  and  more  massive  and  of  a  darker  colour,  and 
perhaps,  free  from  Hmestone,  although  apparent  exceptions  to  this  will  be  noticed. 

"  From  Phuljhar  I  marched  northwards  along  the  sandstone  range  to  Ghandar- 
pur.  The  sandstone  must  be  several  hundred  feet  thick,  and  most  of  it  is  a 
fine,  white,  [pure  quartsite-sandstone  like  much  of  the  upper-Vindhyan  rock. 
The  range  is  on  a  distinct  anticlinal ;  the  pale  shaly,  flaggy,  calcareous  upper  parts 
showing  on  both  sides  close  to  the  base  and  inclined  from  it.  The  Kenkaradi 
river  occupies  a  basin  of  these  upper  beds  to  east  of  the  Chandarpur  range ;  the 
Hills  to  the  south-east  being,  I  have  no  doubt,  formed  of  the  sandstone  sloping 
up  in  that  direction  and  forming  a  scarp  over  the  crystalline  area  of  Sambalpur. 

"Proceeding  eastwards  along  the  south  boundary,  there  nmy  be  noticed  a 
gradual  change  from  the  perfectly  undisturbed  condition  of  the  normal  junction 
in  Baipur,  as  already  described,  to  the  greatly  disturbed  and  very  complicated 
junction  that  runs  in  a  north-westerly-south-easterly  direction  through  Sam- 
balpur and  Baipur  and  forming  the  eastern  boundary  of  the  Yindhyan  area  of  the 
Hahanadi.  The  intricate  and  rugged  hill  group  of  the  Bara  Pahar  is  formed  at 
the  confluence  of  those  two  boundaries.  Before  attempting  to  sketch  the  features 
of  the  eastern  junction,  I  will  notice  the  less  complicated  one  on  the  north. 

"  In  going  northwards  from  Bilaspur  to  Batanpur,  the  shales,  limestones,  and 

subordinate  flaggy  sandstones,  which  spread  horizontally 
^"  beneath  the  plains  of  Chhattisgarh,  are  concealed  by  soil 
and  alluvium  to  within  2  miles  south  of  Batanpur,  where  a  low  east-west  range 
of  hills  rises  abruptly  from  the  alluvial  flat.  The  ridge  is  formed  by  a  band  of 
strong-bedded  standstones,  mostly  coarsish  and  with  an  insufficient  rusty  ochreous 
matrix,  but  some  of  it  fine  and  pure.  The  band  is  not  thick ;  may  be  50  feet  and 
nnder.  It  seems  slightly  to  alternate  with  and  to  overlie  streaked  red  and  greenish 
slaiy  shales.  Very  locally  one  may  observe  apparent  total  unconf  ormability  between 
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the  sandstones  and  the  shales  below  them,  hut  I  believe  these  cases  to  be  entirely 
due  to  crashing  between  yielding  and  unyielding  materials  \  for  in  the  best  sec- 
tions, as  well  as  in  the  general  allwrCy  there  is  full^  evidence  of  conformable  aflsocia- 
tion.  The  nature  of  the  disturbing  action  along  this  zone  is  best  seen  by  ^  beha> 
viour  of  the  sandstone ;  the  elevation  from  the  north  does  not  seem  to  have  been  verj 
marked  or  very  direct ;  for  several  miles  in  width  the  sandstone  may  be  seenfonn- 
ing  little  ridges  having  any  direction  and  slope,  and  all  at  about  the  same  level. 
In  the  Httle  ridge  over  Batanpur  this  strike  is  north-north-east  and  the  dip  30^  to 
east-south-east ;  a  mere  capping  of  sandstone  resting  conformably  on  the  shales.^ 

"On  the  Batanpur  section  the  junction  with  the  crystallines  is  concealed 
beneath  a  longitudinal  valley.  The  zone  of  special  disturbance  may  be  about 
5  miles  wide. 

''I  crossed  this  boundary  again  at  some  30  miles  to  west  of  Batanpnr^ 
where  the  rocks  are  better  seen,  and  one  actual  junction  exposed.  At  Lnrmi 
the  same  band  of  sandstone  forms  very  low  (40  feet)  ridges,  rolling  about  at 
Bmall  inclinations,  and  with  little  regard  to  direction,  the  same  type  of  disturb- 
ance as  at  Batanpur;  and  it  soon  settles  down  under  the  pale  shales  and 
limestones  of  the  plains  to  the  south.  In, the  Muniari,  just  above  Lurmi  the 
rocks  under  the  sandstones  are  admirably  exposed.  They  are  massive  beds  of 
fine  (  ?  siliceous)  clays,  some  exceedingly  fine,  others  more  gritty ;  mostly  of  a  red 
colour,  often  streaked  with  green,  and  some  greyish-brown.  A  fine  lamination 
is  often  traceable  in  all ;  and  the 'bedding  is  easily  discerned.  The  dip  is  variable, 
not  exceeding  10°  to  12° — a  southerly  direction  prevailing ;  but  the  effects  of  great 
crushing  are  manifest  in  the  irregularly  intersecting  systems  of  planes  of  jointing 
or  pseudo-cleavage  that  traverse  the  whole  mass.  In  these  also  an  east— westerly 
strike  is  the  most  marked;  the  effect  of  which  is  such  that  in  mere  ground -sec- 
tions on  paths  one  would  note  the  rocks  to  be  slates,  with  an  east- west  cleavage. 
In  the  finer  beds  the  disintegration  of  the  rock  is  further  complicated  by  an 
original,  flat,  concretionary  structure,  which  produces  concentric  exfoliation. 

"  At  3  to  4  miles  north  of  Lurmi  there  is  a  very  steady  range  of  bills,  running 
about  5'  north  of  east,  south  of  west,  the  south  face  of  the  crystalline  area  to  the 
north.  This  straight  ridge  ia  here  several  miles  wide,  and  tolerably  flat-topped. 
The  gneiss  lasts  to  the  edge  of  the  south  face ;  but  the  spurs,  from  the  very  top, 
are  of  streaked  reddish  and  greenish  slaty  rocks ;  very  locally  even  there  is  an 
appearance  of  incipient  foliation.  The  water  from  the  higher  level  trickles 
down  over  a  steep  surface  of  gneiss  into  gullies  through  the  slates.  The  junc- 
tion is  amply  exposed;  there  is  no  clean-cut  plane  of  separation;  not  a  sign 
of  intervening  vein  rock ;  no  trace  of  slipping  between  the  two ;  within  a  few 
feet  or  inches  the  change  is  complete,  the  rocks  being  just  as  it  were  soldered 
together. 

"  By  aid  of  the  lamination,  and  of  an  occasional  flaggy  layer,  the  bedding  can 
be  observed;  Itt  the  spot  I  examined  there  was,  for  a  few  feet   wide,  a  low 

*  It  18  in  these  shales  that  copper  ore  was  reported  to  hare  been  fonnd  and  foruierly 
worked;  but  I  could  find  no  definite  foundation  for  the  report,  nor  any  confirmation  of  it  in  the 
rocks.  The  piece  of  'ore'  sent  to  me  by  the  Deputy  Commissioner  (Mr.  Chisholm)  was  merely  a 
bit  of  red  (copper  coloured)  shale. 
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inclination  towards  the  gneiss,  and  then  a  low  inclination  from  it ;  the  whole  state 
being  exactly  like  what  is  seen  in  the  river  at  Lnrmi,  only  slightly  intensified. 

**  The  observations  I  have  recorded  seem  altogether  to  indicate  a  normal  rela- 
tion between  these  series  of  rocks — an  aboriginal  contact.  This  view  is  strongly 
corroborated  by  the  appearance,  abont  half-way  between  Lurmi  and  the  hills,  of  a 
band  of  gneiss  on  the  low  ground.  Its  presence  is  not  marked  by  any  surface 
feature  or  peculiar  contckct-rock ;  it  seems  simply  to  have  weathered  out  from 
beneath  its  covering  of  shales.  The  only  thing  to  suggest  a  faulted  boundary 
here  would  be  its  straightness :  the  run  of  the  junction  north  of  Lurmi  would  just 
about  cut  its  position  north  of  Ratanpur,  30  miles  to  eastwards.  But  a  geolo- 
gist in  India  ought  to  be  the  last  to  ignore  the  effects  of  straight  scarped  bound- 
aries among  the  original  conditions  of  rock  formation. 

"  For  some  distance,  at  least,  the  same  boundary  runs  steadily  to  westwards, 
but  I  should  think  that  it  curves  southwards  before  reaching  the  trap  scarp,  for 
there  are  some  symptoms  of  the  lower  boundary  of  the  Vindhyan  rocks  being  not 
far  ofE  from  the  western  limits  of  the  present  area,  although  now  concealed  be- 
neath the  trap  of  the  Mandla  plateau. 

"  One  of  the  most  striking  general  features  of  this  area  of  Vindhyan  rocks  is 
Urt    ^  ^®  almost  undisturbed  condition  of  the  strata  all  over 

the  central  area  up  to  within  a  comparatively  narrow  belt 
along  the  boundary.  Except  on  the  partial  soulh  boundary  first  noticed,  such  is 
markedly  the  case.  It  is  a  remarkable  instance 'of  geographical  extension  pre- 
scribed by  structural  features  in  very  ancient  deposits ;  and  it  is  doubly  interest- 
ing to  find  symptoms  of  those  structural  features  themselves  being  connected 
with  original  conditions  of  deposition.  It  will  readily  be  understood  how  the 
arrangement  I  have  just  indicated  should  introduce  a  diflficulty  to  the  correct 
appreciation  of  the  Vindhyan  series  itself :  the  topmost  strata  are  almost  confined 
to  the  low  grounds,  where  they  show  the  minimum  of  disturbance ;  while  the 
bottom  bands  rise  along  the  boandary  and  are  often  much  modified  by  contortion 
and  compression.  One  has  to  seek  far  and  wide  for  proof  of  the  two  being  really 
continuous.  The  contrast  I  have  here  described  is  nowhere  more  marked  than 
on  the  section  of  the  Hasdu,  where  (unfortunately)  I  first  came  upon  these 
Vindhyans ;  and  the  degree  of  contrast  w'U  be  illustrated  when  I  say  that  for 
two  days  I  noted  the  upper  bands  as  Talchir  (although  of  abnormal  character), 
while  the  lower  beds  passed  as  a  new  form  of  hypo-metamorpbics. 

"  It  was  along  the  western  boundary  that  I  got  the  best  instance  of  the  upper 
groap  being  subjected  to  the  full  measure  of  disturbance.  The  scraggy  east — west 
ridge  stretching  past  Pandaria  on  the  north  is  principally  formed  by  the  pink  and 
blae  oherty  limestones  and  the  shales  so  intimately  associated  with  them,  the  same 
as  are  found  spread  out  at  the  surface  all  over  the  low  plains  of  Chhattisgarh ;  iu 
this  ridge  all  are  confusedljr^rushed  up  on  an  B.-W.  strike.  In  the  hills  to 
south-west  of  Pandaria  the  N.B.-S.W,,  and  N.N.B.-S.S.W.  strikes  that 
obtain  along  the  western  boundary  come  in. 

"  The  western  boundary,  as  far  as  I  saw  it,  bears  a  general  analogy  to  that  on 
the  north ;  from  Ratanpur  westwards,  a  belt,  some  5  miles  wide,  of  hills  com- 
posed in  the  main  of  slaty  shales  separates  the  plains  from  the  scarp  of  the  Maudia 
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plateau.     A  gradation  of  disturbance  is  observable  from  the  base  of  the  hill^, 
ivhereyer  rock  is  exposed  on  the  plains,  the  inclination  being  from  the  hills^    In 
the  outer  ridges  a  band  of  sandstone  is  traceable ;  but  towards  the  north  it  is  Terj 
subordinate.     The  slaty  shales  forming  the  mass  of  the  hills  may  ^well  represent 
the  similar  rocks  north  of  Lurmi.     In  the  Chilpi  ghat  section,  on  the  Bilaspur- 
Jabalpur  road,  they  last  up  to  the  base  of  the  scarp,  where  they  are  overlaid  by 
the  basalt,  at  a  level  corresponding  to  that  of  the  general  height  of  the  fringing 
hills.     There  must  be  here  a  much  greater  thickness  of  shales  than  along  the 
northern  boundary ;  but  here,  too,  the  thickness  need  be  much  less  than  woiild  he 
at  first  sight  conjectured ;  for,  although  the  strike  is  more  steady  than  in  the  zone 
of  disturbance  along  the  northern  boundary,  reverse  dips  are  observed,  and  also 
frequent  exceptions   to  the  N.N.E.,  S.S.W.   strike,  showing  repetition  of  the 
same  beds.     There  are  also  mineralogicaJ  characters  corresponding  with  the  strati- 
graphical  differences  I  have  noted.     Well  in  towards  the  base  of  the  main  ascent 
trappoid  rocks  appear;  but  I  failed  to  make  out  anything  definite  regarding 
them,  or  to  separate  them  and  the  rocks  with  them  from  the  general  mass.    I  am 
disposed  to  think  they   may  be  local  metamorphic  forms  of  the  Yindhyim  shales 
in  the  line  of  maximum  compression. 

"  I  may  here  notice  a  peculiar  rock  only  observed  in  this  and  in  one  other 
locality.     For  some  little  distance  below  the  junction  of  the  basalt  on  Chilpi  ghat, 
I  noticed  the  surface  strewed  with  large  (10"  to  12")  well-rounded  boulders  of 
quartz  and  of  crystalline  rocks.    At  first  sight  I  took  them  to  be  debris  from  tbe 
infra-trappean  conglomerate ;  but  this  nation  was  soon  dispelled  by  the  fact  that 
many  of  the  boulders  were  more  or  less  shivered,  and  re- cemented,  after  slight 
distortion,  by  silica — an  evidence  of  violence  never  observed  in  Lameta  beds.    I 
soon  found  the  boulders  in  place  in  the  underlying  series  imbedded  in  a  crumb- 
ling earthy  slaty  matrix,  in  which  I  could  detect  a  high  westerly  underlie.     This 
is  here  the  contact  rock,  overlaid  by  a  few  feet  of  white  Lameta  limestone,  which 
is  succeeded  by  a  dark  greenish-grey  earthy  crystalloid  sub-amygdaloidal  trap. 
This  conglomerate  may,  perhaps,  be  taken  as  confirmatory  of  the  conjecture 
already  hazarded,  that  the  crystaUine  rocks  are  not  far  ofE  to  westwards,  although 
the  boulders  are  so  thoroughly  rounded  that  they  may  have  traveled  any  distance ; 
the  whole  deposit  has  a  diluvial  character  that  suggests  the  proximity  of  fringing 
declivities.     The  other  occurrence  of  this  conglomerate  is  more  obscure :  it  is  on  the 
east  of  the  Vindhyan  area.     The  sandstone  ridge  of  Chandarpur  has  been  described 
as  running  north  and  south ;  an  axis  of  contortion  (presumably  in  connection  with 
subjacent  features)  between  two  basins  of  the  upper  strata.     The  range  termi- 
nates in  the  Mahanadi  at  Phandarpur ;  but  in  the  line  of  its  continuation  unusual 
disturbance  is  traceable,  affecting  even  the  upper  beds  of  the  series.     At  about 
5  miles  north  of  Chandarpur  a  small  north-south  chain  of  low  hills  occurs ;  to  all 
appearance  they  are  composed  of  a  mass  of  well-rounded  boulders  just  like  those 
of  the  Chilpi  gh4t  section.    I  could  nowhere  get  at  the  matrix  in  which  they  are 
buried ;  it  must  be  some  soft  material  like  that  of  the  Chilpi  gh&t  conglomerate. 

"  South  of  Chilpi  gh4t,  the  characters  of  the  western  boundary  are  similar  to 
what  has  been  described.  Below  Sahuspur,  the  sandstone  becomes  more  prominent 
in  the  outer  ridges,  and  the  slaty  and  hypo-metamorphic  rocks  below  it  are  also  more 
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developed ;  aboye  Madanpur,  they  rise  to  the  top  of  the  main  scarp,  without  any 
capping  of  Lameta  beds  or  of  trappeans.  These  rocks,  underlying  the  sandstone, 
may  probably  be  studied  to  advantage  in  the  ground  to  south-west  of  Mohanpur. 

"It  was  noticed  along  the  southern  boundary  that  there  is  a  gradual  Lucrease 

of  irregularity  and  of  disturbance  from  west  to  east,  coming 
to  a  climax  in  the  Bara  Pahar,  north- west  of  Sambalpur,  at 
the  confluence  of  the  two  boundaries.  There  is  a  very  similar  change,  but  much 
more  complicated  on  the  north,  where  the  Kamra  hills  offer  a  very  close  analogy  to 
the  Bara  Pahar.  The  very  regular  and  comparatively  simple  junction  described 
to  west  of  Katanpur  is  altogether  changed  to  east  of  that  place ;  the  crystalline 
rocks,  which  seem  throughout  to  underlie  the  belt  of  disturbance  at  no  great 
depth,  rise  to  the  surface ;  and  the  line  of  contact  from  close  to  Batanpur  to 
beyond  Dulha  hill,  20  miles  to  south-east,  follows  a  very  irregular  course,  which  I 
had  not  time  to  follow  out  in  detail.  In  this  area,  south-east  of  Batanpur, 
there  are  decidedly  metamorphic  rocks,  altogether  different  from  the  thorough 
gneissic  rocks  of  the  region  to  the  north ;  there  are  also  rocks  which  so  exactly  affect 
the  characters  of  the  bottom  Yindhyans,  that  I  must,  provisionally  at  least, 
identify  them  as  such,  while  at  the  same  time  I  failed  to  detect  any  decided  separa- 
tion of  these  quasi- Yindhyans  from  those  quasi-metamorphics.  I  can  only  hope 
to  describe  the  facts  and  state  the  difficulties  intelligibly,  without  offering  a  very 
decided  opinion  thereon.  Let  it  be  remembered  that  I  made  no  stay  to  work 
out  the  case :  I  am  only  recording  single  observations. 

*'  In  the  section  of  the  Hasdu,  the  case  is  stated  most  clearly.     Inmiediately 

below  Satiguri  there  is  a  contact  well  exposed.  The  fine- 
grained gneissose  quartzites,  which  form  the  rapids  of 
Chicholi,  are  still  vertical  with  a  northerly  strike.  A  strong  bed  of  coarse  rusty 
pebbly  sandstone  seems  to  rest  upon  a  weathered  surface  of  the  metamorphic 
quartzites;  the  section  is  very  low;  and  considering,  as  I  did  at  the  time, 
these  overlying  beds  to  be  Talchirs  I  did  not  examine  the  contact  so  closely  as  I 
ahould  otherwise  have  done,  but  I  believe  the  relation  to  be  as  I  have  stated  it. 
The  sandstone  slopes  southwards,  and  is  overlaid  by  fine  pale  shales,  and  these 
again  by  a  strong  band  of  tough  grey  (non-felspathic)  sandstones  with  pebbly 
surfaces.  Thick  dark-grey  shales  succeed,  and  are  overlaid  by  paler  calcareous 
beds,  locally  a  banded  laminated  limestone.  The  pale  red  varieties  cover  these  and 
occupy  the  surface  south  of  Nowagaon.  These  beds  are  the  regular  upper 
members  of  the  series,  and  the  sandstone  represents  that  already  so  often 
mentioned.  Its  thickness  here  may  be  30  to  40  feet  in  the  two  bands.  It  forms 
the  Uttle  ridge  running  for  miles  to  west-south-west  from  th^  river.  It  may  be 
affirmed  that  no  supposition  could  bring  into  original  conformable  relationship 
the  rocks  here  in  contact,  they  remain  now  as  at  the  first. 

*'  To  one  coming  from  the  north  the  Kamra  hills  at  once  appear  as  something 
new :  such  steep  clean  cliffs,  with  well-marked  lines  of  stratification,  are  never  seen 
among  the  gneiss  rocks ;  and,  on  the  other  hand,  the  rusty  colour  of  the  cliffs, 
and  the  sharp  angularity  of  the  outline  at  once  distinguish  them  from  the 
corresponding  features  in  the  hills  of  the  secondary  rocks.  They  are  formed  of  a 
ooDsiderable  thickness,  not  less  than  200  to  300  feet,  of  quartzite  sandstone  resting 
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npon  a  verj'  variable  thickness  of  reddish  ^ttj  shales.  TLe  condition  of  distnrb- 
uice  is  exactly  what  has  been  so  often  described  in  the  bottom  Vindbjuu  of 
this  area;  the  ridges  ran  in  every  direction,  and  with  anjslopeJDsbaaif  the  strati- 
fication had  been  broken  up  by  horizontal  cocvergiug  pressures.  I  have  one 
obscrvntioD  to  complete  the  aiialogy  of  these  rocks  with  the  bottom  Tindhjans 
of  other  parta  of  the  area.  In  the  gap  to  west  of  the  village  of  Labed  a 
thorough  granitoid  gneiss  shows  well  np  to  the  base  of  these  covering  rocks, 
80  OS  to  leave  scarcely  a  possibility  of  any  relation  bat  one  of  normal  snper- 
posilion.  The  relation  of  these  rocks  to  other  metamorphics  of  this  neigb- 
boarhood  is  by  no  means  so  simple.  The  Kamra  hills  reach  np  to  the  left  bank 
of  the  Hasda.  In  the  little  stream  flowing  northwards  from  the  Bang  ridge,  there 
is  an  excellent  section  of  the  whole  gronp,  the  sandstones  showing  in  the  cliSs 
on  both  Bides  and  the  red  shales  in  the  gorge  ;  for  a  long  way  they  observe  a  steady 
dip  of  5°  to  10°  to  north,  and  just  before  they  disappear  in  that  direction  there  is  an 
appearance  of  contortion.  In  the  lower  ground  fnrther  north  one  only  findsrotten 
nnrecognisable  gneissose  rocks.  In  the  Hoadn  the  rocks  come  in  all  of  a  sadden 
at  Jogipali.  It  was  her©  I  received  the  impression  that  the  little-disturbed,  little- 
altered  rocks  of  the  hills  become  rapidly  contorted,  and  at  the  same  time  metamor- 
phosed into  the  fine-grained,  sharply  bedded  gneissose  qnartzites  (a  most  decidedly 
metamorphic  rook),  which  come  in  uninediately  below  and  occur  more  or  less  con- 
tinnonsly  with  a  varying  strike  down  to  the  janction  at  Satignn,  as  already 
described.  If  such  be  the  case,  these  Kamra  rocks  cannot  by  any  possibility  be 
grouped  with  the  strata  to  the  sonth  of  Satigori.  I  am,  however,  so  strongly 
impressed  with  the  view  that  the  Eamra  beds  are  the  bottom  Yindhyans,  that  I 
folly  expect  a  close  examination  will  prove  them  quite  distinct  from  the  sab- 
gneissose  rocks  of  the  Husdu. 

"  In  the  region  of  the  Nilagar  the  same  pnzzle  is  even  more  strongly  marked : 
the  hmestones  greatly  predominate  in  the  upper  beds  on  the  low  ground,  and 
BO  occur  close  to  schistose  rocks  at  the  same  level ;  I  conjectore  that  they  may 
even  be  found  to  lap  over  in  contact  with  them.  They  are  thus  found  not  far 
from  the  base  of  Dnlfaa  hill,  on  top  of  which  the  Kamra  qnartztte  sandstones  ate 
easily  recognised,  resting  oo  schistose  and  pebbly  gneissose  massively- bedded  rocks. 
The  Soti  hill  group  is  altogether  formed  (at  least  on  the  sonth  side)  by  this  new 
liypo-motamorphic  series,  a  massive  trappoid  variety  being  prominent.  A 
northerly  and  southerly  strike  is  as  markedly  prevalent  in  these  metamorphic  rocks, 
as  the  E.-W.  strike  is  in  the  granitic  metamorphics  to  the  north. 

"  Between  the  Kamra  hil}s  and  the  Bara  Pohar,  the  boundary  of  the  Tindhyaiia 

is  marked  through  the  Baigarh  State  by  a  BinaHe  ridge,  ea 

Norths b»,,a„j.      ,,i„e,itb  lie  o.ter  («*.»)  lUnk.  of  ttoM  hill..    This 

•iiirta  I'q  formed  of  strong  beds  of  quartzite  much  crushed  and  altered,  gneiss. 

ks  showing  eveiywhere  along  its  outer  base.      To  the  north  these  are 

irse,  highly  felspathic,   and  granitoid  type  i   but    towards  the  Mahanadi 

,Te   a  very   mongrel  character,  which  greatly  obscures  the  distinctness 

junction.     Close  sections  are  obtainable  at  the  passage  through  the  ridge 

trcam  north  of  Padampnr ;  the  qnartzite  shows  within  a  few  yards  of 

^  at  the  point  of  the   ridge  having  apparently  a  high   dip  towards  the 
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crystallines ;  in  the  river  the  qnartzite  seems  to  be  cut  out,  and  there  only  appear 
reddish,  flaggy,  slaty  shales,  much  crushed  and  rolled,  but  also  on  the  whole  having 
an  inclination  towards  the  crystallines,  which  are  in  place  some  30  yards  up  stream. 
The}  are  variable  gneissose  and  trappoid  schists.  Here  and  in  other  similar  posi- 
tions (as  in  the  stream  under  Laka  to  the  north-west),  I  noticed  a  highly  siliceous 
angular  rock  to  be  prominent  among  the  metamorphics,  suggesting  the  possibility 
of  its  being  a  transformed  condition  of  the  quartzite ;  but  the  general  evidence  is 
so  strongly  against  such  an  interpretation  that  I  must  explain  this  special  circum- 
stance as  either  a  coincidence  (may  be  attributable  to  pre-Yindhyan  denudation), 
or  else  as  an  effect  of  percolation-metamorphism  along  a  plane  of  junction.  The 
features  here  reminded  me  very  forcibly  of  those  at  the  boundary  of  the  lower- 
Vindhyans,  where  the  ridge  of  bottom  quartzite  is  cut  by  the  Sone  at  Bomarsan. 

"  The  junction  is  tolerably  well  exposed  in  the  Mahanadi  at  and  below 
Padampur,  and  the  section  is  altogether  obscure  and  exceptional.  The  curve  in 
the  river  above  the  town  corresponds  with  a  regular  curve  in  the  ridge  of  strong 
qoartzite  sandstone  on  the  right  bank.  From  a  steady  dip  of  20°  to  westwards 
this  sandstone  bends  round  to  a  similar  steady  dip  to  north  and  north-north- 
east, apparently  passing  under  the  limestones  and  shales  which  are  freely  exposed 
in  the  bed  of  the  river,  with  the  saine  inclination  as  the  sandstones  towards  the 
left  bank.  In  this  bank  under  Padampur,  and  lower  down  stream,  there  are  those 
quasi-remnants  of  a  quartzite  (as  described  in  last  paragraph)  adhering  to  and  trans- 
fused into  the  dirty  crushed  gneiss.  Just  below  the  village  the  channel  is  about 
30  yards  wide  between  these  rocks  and  an  island  of  strong  pink  limestone  with 
shales.  The  boundary  runs  very  obliquely  across  the  river ;  and  at  its  last  appear^ 
ance  on  the  left  bank  there  is  a  remnant  of  the  limestone  and  shale,  quite  un- 
altered, in  actual  contact  with  the  mass  of  pseudo-quartzite  and  the  crushed 
gneiss  rocks.  The  section  exposed  is  very  small,  but  I  could  detect  no  special 
signs  of  faulting,  such  as  slickensides  or  vein-rock,  although  the  features  de- 
scribed (with  upper  rocks  at  the  contact)  would  pWmd  facie  suggest  such  a  pheno- 
menon, and  I  am  not  fully  prepared  to  deny  the  possibility  of  it.  However  it 
may  be,  it  is  evident  that  the  passage  of  the  Mahanadi  at  this  spot  is  connected 
with  the  peculiar  arrangement  of  the  rocks. 

'*  There  is  in  the  Vindhyans  of  this  neighbourhood  another  exceptional 
appearance  awaiting  solution.  The  ridge  of  sandstone  that  has  been  noticed  as 
bending  round  with  the  curve  of  the  river  on  its  right  bank,  encloses  on  the  west 
and  north  the  little  valley  of  Dongri,  forming  a  scarp  over  it.  On  the  floor  of  the 
valley  strong-bedded  limestone  with  shales,  exactly  like  the  usual  rocks  of  the 
upper  part  of  the  series,  is  exposed,  showing  little  or  no  disturbance,  and  thus 
appearing  to  pass  under  the  sandstone  of  the  scarp.  On  the  east  side  of  the 
valley  a  strong  band  of  exactly  similar  sandstone  slopes  up  from  beneath  these 
Umestonesand  shales.  I  had  not  time  to  examine  whether  there  was  a  repetition 
by  faulting,  or  whether  the  Lahansara  sandstone  is  a  local  band  in  the  upper 
strata  of  the  Vindhyans.  Thq  latter  supposition  seemed  the  most  likely.  It  is 
from  the  Dongri  valley  that  most  of  the  *  Padampur '  limestone  is  obtained. 

"  There  is  evidence  in  this  region  that  the  boundary  I  have  described  was 
not  always  the  limit  of  extension  of  the  Vindhyans.      At  about  3  to  5  miles  from 
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that  boundary  on  the  north-east  there  is  a  broken  chain  of  ridges  mnning  parallel 
to  it,  and  formed  I  believe  of  the  bottom  qnartzite.  It  would  seem  to  be  the 
continuation  of  the  outer  ridge  of  the  double  range  to  north-west  of  Baigarh. 
From  the  debris  noticed  in  the  valley  of  Tarukpur,  I  conjectured  that  the  ciystal- 
lines  were  exposed  somewhere  within  it.  Thus  here,  as  on  the  south-east  side, 
we  seem  to  have  the  actual  base  of  the  series  exposed  all  along,  the  leveling 
by  denudation  having  here  been  much  aided  by  the  compression  and  disturbance 
of  the  deposits." 

The  route  taken  by  Mr.  Medlicott  in  this  traverse  certainly  placed  him  in  very 
close  rapport  with  the  whole  geology  of  the  basin ;  for  he  entered  it  first  on  the 
north  side  from  Korba  by  the  Hasdu  river,  and  thence  proceeded  westward, 
southward,  and  eastward  all  round  the  edges  to  the  crossing  of  the  Mahanadi  at 
Ghandarpur.  Then,  northwards  from  this  up  the  valley  of  the  Mand,  thus  cross- 
ing the  eastern  end  of  the  basin ;  and  so  down  again  along  the  north-eastern  edge 
by  Baigarh  to  the  extreme  eastern  boundary  at  Padampur.  Little  room  was 
therefore  left  for  other  than  the  corroborative  evidence  which  might  be  accumulated 
during  the  progress  of  connected  work.  This  closer  work  so  far  has  embraced 
the  greater  part  of  the  middle  and  north-eastern  tracts,  and  the  whole  of  the 
western  portion  down  to  south  of  Raipur. 

All  the  indications  on  the  north-eastern  tracts  bear  out  the  original  recognition 
that  the  Ghhattisgarh  Vindhyans  of  the  plain  and  the  edging  ridges  consist, 
broadly  speaking,  of  a  sandstone  and  a  limestone  member,  the  former  being  the 
lower  of  the  two  :  and  there  is  ground  for  belief  that  such  may  be  the  conditions 
for  the  western  side.  However,  I  leave  the  conditions  of  the  geological  structure 
of  this  side  an  open  question,  because  the  evidence  obtained  by  Mr.  Bose  in  that 
part  of  the  field,  though  as  yet  incomplete,  shows  that  the  relations  between  the 
rocks  of  the  plain  and  those  of  the  adjacent  hill  slopes  of  the  Saletekri  range  are 
not  so  easily  interpreted  as  Mr.  Medlicott's  reconnaissance  would  seem  to  imply. 

It  is  true  that  occasional  narrow  seams  of  slaty  shales  and  coarse  schists  do 
come  in  under,  and  in  association  with,  the  bottom  sandstones  along  the  northern 
boundary,  but  these  are  so  insignificant  as  not  to  affect  the  general  sequence. 
What  they  do  seem  to  show,  however,  is  that  the  bottom  member — an  essentially 
sandstone  formation  on  the  north-eastern,  eastern,  and  southern  sides — either 
gradually  changes  from  a  poorer  and  poorer  sandy  series  to  a  stronger  and 
stronger  shale  or  slaty  one  with  subordinate  sandstones  on  the  north-western 
edges,  or  that  it  continues  on  in  this  impoverished  condition,  sometimes  being 
overlapped  by  the  limestones,  over  a  different  and  older  series. 

Later  ohservations  on  the  north-east  boundary.— There  is  no  necessity  at  present 
for  going  into  detail  regarding  the  style  of  the  boundary  from  Padampur  north- 
westwards past  Raigarh.  For  the  most  part,  it  is  a  generally  faulted  one,  the 
bottom  quartzites,  which  must  be  here  of  great  thickness,  cropping  up  at  high 
angles  from  under  the  much  less  disturbed  limestones  and  shales  of  the  plains,  and 
having — ^what  look  to  be — ^their  lower  strata,  at  the  eastern  bases  of  the  great  ridges, 
in  close  and  abrupt  juxtaposition  with  the  crystallines  of  the  low  grounds  beyond. 
I  am  myself  inclined  to  suspect  that  there  has  been  re-duplication,  if  not  inver* 
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eion,  -with  a  crushing-up  and  fracture  of  long  ellipsoidal  dome-like  undulations. 
Be  this  as  it  may,  the  whole  aspect  of  the  boundary  is  very  analogous  to  that 
of  much  of  the  eastern  frontier  of  the  great  area  of  Kadapah  and  Karnul  rocks 
in  the  Kistna  and  Nellore  districts  of  the  Madras  Presidency. 

Some  5  or  6  miles  to  the  south  of  the  passage  of  the  Mand  river  across 
the  sandstone  rim  of  the  basin,  a  most  instructive  example  of  a  crushed-up  and 
partially  faulted  dome  of  the  bottom  sandstones  is  exhibited  in  the  Gida  hill 
mass  which  has  been  cut  into  and  scoured  out  by  denudation  until  the  in- 
ternal core  of  crystallines  is  fully  exposed  to  view.  A  good  deal  of  faulting  and 
crushing  is  disclosed  here  and  there  along  the  contact  edges  in  the  interior; 
but  the  easy  lie  of  south-easterly  dipping  strata  is  quite  plain  under  Bamandai 
hill  and  on  the  path  leading  out  to  Basnajhar.  A  yery  thin  streak  of  brown 
rusty,  reddish  and  greenish  schists,  and  sandy — rather  sharp  gravelly— -bhales 
occurs  at  the  very  contact,  just  between  the  gneiss  and  the  thicker  beds  of  quartzite 
sandstone  on  this  path.  Bound  the  southern  skirts  of  the  hill  the  sandstones  run 
easily  under  the  red-purple  calcareous  shales  and  grey-blue  limestones  of  the  plain. 

Some  idea  of  the  thickness  of  the  sandstone  series  is  also  obtainable  at  this 
point, — ^a  feature  which  had  hitherto  only  been  guessed  at  in  the  Raigarh  ridges, 
where  undoubted  bottom  beds  are  not  recognisable  in  contact  with  the  gneiss. 
Here,  however,  the  base  is  known,  and  a  fair  estimate  can  be  formed  from  the 
lofty  scarped  faces  and  under-clifF  of  Bamandai  hill  (1,439  feet),  and  from  a 
scramble  across  the  Gida  ridge  near  its  summit  (1,480  feet)  where  the  beds  are 
vertical,  though  down  either  slope  the  dip  is  generally  to  westward,  the  angle 
decreasing  towards  the  foot  of  the  western  side.  In  this  way  the  conclusion  is 
forced  on  one  that  there  must  be  at  least  .1,000  feet  of  more  or  less  altered  (quart- 
zite) sandstones,  rarely  coarse  and  gravelly,  oftenest  thick-bedded  and  fine-grained, 
and  without  any  conglomerates  as  far  as  I  could  see.  Their  likeness  to  those  of 
the  Raigarh  ridges  is  strong  in  every  way ;  indeed  there  cannot  be  a  doubt  of  the 
two  belonging  to  one  and  the  s%me  group. 

To  the  northward  of  this  dome,  after  an  interval  of  shales  (and  strong  blue 
limestones  at  Banipathar)  in  abrupt  contact  with  a  north-south  exposure  of 
crystallines,  the  sandstone  hills  of  the  rim  hade  up  in  long  gentle  slopes,  the  beds 
lying  at  6",  10®,  20",  southward,  with  surfaces  wonderfully  worn  in  sinuous  curves 
and  zig-zags  of  contour.  This  easy  lie  only  lasts  for  about  half  the  width  of 
the  hills ;  when  undulation,  at  first  slight  and  then  quick,  has  allowed  of  more 
ragged  denudation,  giving  the  broad  and  humpy  masses  overlooking  the  low-lying 
wide  expanse  of  the  Mand  valley  coal-field,  the  rocks  of  which  lap  up  against  the 
Bandstone  hills,  or  are  only  denuded  for  short  distances,  giving  exposures  of 
ciystallines  in  abrupt  juxtaposition  with  the  Yindhyans. 

Away  to  the  north-west,  the  sandstone  hills  attain  higher  elevations  as  in  the 
Gar  hill  (1,948  feet),  the  floor  crystallines  being  exposed  in  the  valleys  and  on 
slopes  below  lofty  scarps ;  while  outlying  isolated  strips  of  Vindhyans  occur  in 
Bach  abrupt  relation  to  the  surrounding  gneisses  of  the  plains  beyond  that  their 
position  can  only  be  accounted  for  by  their  having  been  let  in  by  faul^ting. 

No  better  display  of  faulted  or  squeezed  folds,  remnants  of  arches,  and  natural 
boundaries  below  scarps,  can  be  pointed  out  than  that  of  the  Kamra  range  still 
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farther  westward.  The  Kamm  meee  (2,878  feet)  itaelf  has  its  lower  slopes  of 
oryHtallines  crowned  by  a  somewhat  crashed  synclinal  of  thick- bedded  sandstones, 
with  a  good  band  of  overlying  red  ahalee  in  the  hollow  above,  giving  scarped 
edges  on  the  northern  face  of  some  hundred  feet  high ;  and,  in  the  deep  v&lley 
bettreen  this  mass  and  the  proper  rim,  one  may  recognize  the  remains  of  tlie 
great  core  of  crystallines  and  its  covering  arch  of  sandstones. 

A  magnificent  display  of  dip  slopes  occurs  in  this  neighbonrltood,  on  the 
sonthem  flanks  of  the  Pidadei  (2,836  feet)  ridge.  Broad  bed  snrfacea  of  dark 
black-brown  weathering  sandstones  slope  np  from  the  narrow  valley,  inside  the 
low  foot-hills  edging  the  plains,  at  an  angle  of  30°  or  so,  with  hardly  a  break,  to 
the  very  crest  of  the  ridge,  the  sharp  and  jagged  bod  edges  of  which  stand  out 
clear  gainst  the  sky.  There  is  scarcely  afoot-hold  on  these  slopes  for  any  but  the 
local  JQDgle  people ;  and  it  is  merely  where  jointing  and  weathering  have  feci- 
litated  the  sconring  ont  and  breaking  np  of  ledges  and  the  gathering  of  angular 
debris  in  stream-like  heaps  tailii^  up  the  slopes,  that  scrub  and  low  jungle  have 
been  able  to  grow  and  vary  the- dark  expanses  of  bare  rock  sheets. 

Westward  of  the  village  of  Labed,  at  the  foot  of  the  Kamra  hill,  an  open 
country  of  crystallines  extends  to  the  Hasdn  river,  its  sonthem  edge  being 
fringed  by  the  low  slopes  leading  up  to  the  now  simple  and  much  less  lofty 
edging  rim  of  sandstones  in  the  Sidapat  (1,524  feet)  and  Rang,  or  Marnarani 
(1,713  feet)  hills.  In  this  direction,  too,  the  thickness  of  the  sandstones  dimi- 
nishes very  rapidly ;  so  mnch  so,  that  beyond  the  Hasdn,  in  the  Sandadi  and 
Jogia  (1,113  feet)  undulations  there  can  scarcely  be  more  than  150  to  200  feet. 
The  natural  poee  of  tlie  sandstones  on  the  gneiss  is  fairly  well  displayed ;  but  it 
is  here  that  their  lowest  strata  become  decidedly  thinner  and  more  flaggy,  while 
associated  with  them  are  sharp  gravelly  sands,  sandy  shales,  and  coarse  schistose 
and  clay-alate  layera ;  in  fact  a  stronger  show  of  the  contact  beds  seen  in  the 
Oida  hiU. 

Ad  interesting  feature  about  this  Rang  or  Marnarani  region  is,  that  though 

the  hill  appeare  at  a  distance  to  be  capped  with  sandstones,  and  to  have  a  certain 

slight  scarp,  after  the  fashion  of    the  edging   hills  over  the  country  already 

described,  it  is  really  only  covered  or  scarped  with  those  more  flaggy,  shaly,  and 

coarse  sandy  gravelly  strata  jnst  described.    The  bulk  of  the  massive  sandstones  lies 

well  in  from  the  scarp  or  outer  edge,  being  underlaid  by  about  30  feet  of  clayey  and 

sandy  flags,  shales,  and  flagstones,  which  crop  up  and  form  a  good  deal  of  the  upper 

part  of  Rang  and  Maniarani,  as  well  as  the  edge  of  the  low  scarp  topping  the 

the  left  bank  of  the  Haadu  river  and  overlooking  the  villages  of  Jika 

.  .^-jMohara.     This  western  scarp  is  very  instructive  ;  for  it  shows  the  bottom  beds 

i;'^^?^e  sandstone  series  all  along  its  crest  as  they  rise  gradually  northwards  to  the 

f^'^^^^iS  spur,  over  which  they  roll  easily  and  bend  down  almont  ta  the  plains.     In 

'*'"* '.  •^yftS^uding  from  the  hills  to  Jika,  the  scarp  or  edge  of  the  descent  is  very  thin,  about 

often  less,  consisting  of  a  bod  or  beds  of  coarse  black  or  reddish-brown 

t^  ■_iginoua  grits,  made  up  of  grains  of  white  and  glassy  quartz  in  a  ferruginous 

gravelly  or  pebbly  towards  the  base,  or  sometimes  having  larger  scattered 

lies  of  the  same  kind  of  quartz.     This  hard  bed  lies  directly  on  east  to  west 

schists,  or  coarsish  crystalline  granular  micaceous  rocks  easily 
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weathered ;  or  tihere  is  at  intervals  a  varying  thickness  of  greenish  and  dirty-grey 
earthy  micaceous  clay-slates  coming  in  between  it  and  the  sub-metamorphic  rocks. 

It  is  necessary  to  state  here  that  this  undoubted  bottom  bed  of  the  Vindhyans 
is  lying  unconformably  on  the  micaceous  schists  and  other  rocks  constituting  the 
slopes  leading  down  to  the  Jika  riyer  flat.  At  the  same  time,  it  struck  me  that 
these  subjacent  schists  could  hardly  be  considered  as  belonging  to  the  regular 
crystaUine  or  gneissic  series,  though  they  look  more  metamorphic  than  transi- 
tional. There  is  an  E— W.  strike  in  the  slopes  and  away  down  in  the  plain,  the 
general  strike  in  fact  of  the  true  gpieisses  to  the  north ;  but  this  is  apparently 
only  local,  as  they  seem  to  trend  round  on  the  opposite  bank  of  the  river  and  aa- 
Bome  Ihe  N.—S.  strike  exhibited  by  the  peculiar  quartzite  or  quartz-«chist  bands 
lower  down  about  Satiguri,  and  away  to  the  westward  towards  the  Dulha  and 
Soti  country  already  treated  of  as  showing  rocks  having  a  transtional  aspect. 

The  style  of  the  bottom  sandstones  westward  from  this  point  on  the  Hasdu  is 
given  in  Mr.  Medlicott's  paper  (ante) ;  but  it  may  be  mentioned  here  that  I 
have  representatives  of  them  at  the  extreme  north-west  comer  near  Borla  where 
quartzite  sandstones  and  pebble  beds  occur  underlying  the  limestones. 

The  rocks  of  the  great  plain  are  essentially  limestones  and  shales  which  roll 
about  in  long,  easy  undulations,  or  are  comparatively  fiat  for  many  square  miles  at 
a  time.  It  is  only  here  and  there,  however,  thivt  exposures  are  frequent  or  of  any 
extent,  the  most  of  the  plain  being  covered  with  alluvial  clays  or  soils  of  various 
kinds,  beneath  which  the  limestones  or  the  shales  may  be  found  at  a  moderate 
depth.  The  shales  are  nearly  always  of  a  red-purple  color,  with  pinkish  or  greyish 
shades :  very  rarely  are  they  of  green  or  dirty  grey,  or  dark  colors,  though  this 
is  their  style  in  the  immediate  neighbourhood  of  Raigarh.  The  limestones  are 
generally  grey  or  fawn-colored,  sometimes  pinkish  or  pale-reddish  purple,  often 
ahnost  black,  or  dark  blue-grey;  thick-bedded  compact  splintery,  or  flaggy 
coarse  and  earthy  or  clayey  where  they  shade  up  or  down  into  shales ;  they  are 
very  often  siliceous  throughout,  or  seamed  with  fine  films  of  siliceous  matter, 
and  chert  bands.  The  more  clayey  and  shaly  laminated  bands  are  often  remark- 
ably concretionary  with  polygonal,  sub-spheroidal,  and  fiattened  oyster-like  masses 
packed  together  over  the  bed  surfaces,  or  along  inter-laminar  bands  of  more  com- 
pact clayey  constitution.  Both  shales  and  limestones  are  more  or  less  cleaved 
roimd  the  edges  of  the  field,  more  particularly  so  perhaps  at  the  north-west  comer. 
It  is  difficult  over  such  a  fiat  and  ill-exposed  country  to  say  whether  there  may 
not  be  more  than  two  steady  bands  of  these  rocks  :  it  appeared  to  me  that,  broadly 
speaking,  there  is  a  tendency  in  the  whole  member  to  be  generally  shaly  at  the 
bottom,  the  limestones  coming  over  in  varied  force ;  though  there  is  also  a  tendency 
in  the  shale  band  to  have  subordinate  seams  of  limestones  while  the  limestone  has 
its  shale  intercalations. 

Local  intercalations,  or  even  apparent  super-jacent  exposures  of  thin  sand- 
stones pebble  beds  and  sandy  fiags,  or  lydian  stone  bands,  are  exhibited  at  places  \ 
the  Utter  occurring  to  the  north-east  of  Bilaspur  about  Norgoru,  and  the  former 
to  a  very  wide  extent  in  the  Raipur  country,  or  on  the  Mahanadi  near  Chandar. 
pur,  or  in  the  low  Sai  Dongri  group  of  hillocks  towards  Padampur. 

A  curious,  and  as  yet  stratigraphically  unsettled,  outcrop  of  apparently  higher 
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sandfitones  and  extremelj  coarse  conglomerates  occurs  on  the  right  bank  of  the 
Mand  where  it  crosses  the  plain  before  joining  the  Mahanadi,  as  the  Girgiii  and 
Tnndri  ridges.  These  low  hills  lie  in  a  sort  of  broken  chain,  with  intervening 
stretches  of  low  conntry,  between  the  Gida  hill  on  the  north  and  the  long  north 
to  south  Dadarpali  range  on  the  xight  or  south  bank  of  the  Mahanadi.  Mr. 
Medlicott  surmised  that  these  outcrops  might  be  northerly  prolongataons  of  the 
anticlinal  roll  in  the  Dadarpali  range ;  but  a  closer  examination  of  them  seems  to 
me  to  point  to  their  being  portions  of  a  crushed  synclinal  which  might  be 
expected  as  a  complementary  hollow  wave  in  the  strata  on  one  side  of  the  hidden 
portion  of  the  anticlinal  exhibited  in  Dadarpalli  and  the  southern  end  of  GidaluU. 

In  the  first  place,  it  is  reaUy  only  by  the  merest  chance  exposures  that  rock 
is  seen  in  situ  in  these  ridges,  for  they  are  to  aU  appearance  made  up  entirely  of 
loose  well-worn  pebbles,  shingle,  and  largish  boulders  of  various  kinds  of  quarts 
zite,  quartz-schist,  and  some  crystalline  rocks.  The  whole  facies  is  that  of  great 
shingle  banks  formed  in  comparatively  recent  times  alongside  the  bank  of  the 
Mand  river :  even  the  tops  of  the  ridges  consist  of  loose  debris.  However,  1 
found  good  hard  quartzite  sandstone  and  conglomerate  in  a  small  cross  valley  north 
of  the  Gk)vindpur  peak,  obscurely  bedded  but  apparently  vertical  and  striking 
north  to  south.  Again  on  the  extreme  north  end  of  the  western  Tundri  ridge, 
there  are  coarse  pudding-stones,  having  a  hard  purple  clay-stone  matrix,  which 
are  traceable  along  the  crest  of  that  part  of  the  ridge  into  massive  heavy  con- 
glomerate rock  having  no  definite  bedding.  The  pudding-stone  is  veiy  ob- 
scurely associated  by  super-position  on  the  red-purple  shales  forming  the  slopes 
of  the  ridge  the  dip  of  the  latter  being  40°  to  50°  eastward.  The  main  portion  of 
this  western  Tundri  ridge  shows  no  bedded  rock,  but  it  has  its  steeper  side  to 
the  west.  The  eastern  Tundri  ridge,  on  the  other  hand,  looks  to  have  a  westerly 
dip,  and  this  agrees  with  the  lie  of  the  shales  and  gritty  beds  in  the  plain  at  its 
northern  end. 

The  shales  and  limestones  in  the  plains  below  these  ridges  have  never  teen 
traced  into  actual  contact  with  the  sandstones,  though  they  are  often  quite  dose 
enough  to  accentuate  the  fact  that  on  both  sides  their  dip  is  rolling  and  inwards 
towards  the  ridges ;  while  at  the  north  end  of  Oirgiri,  by  the  village  of  Baila- 
garh,  the  shales  strike  round  east— west  and  dip  southwards. 

All  these  conditions  point,  I  think,  to  the  preservation  in  a  couple  of  ellipsoi- 
dal hollows  or  synclinal  waves  of  a  remnant  of  overlying  sandstones ;  the  south- 
ern or  Girgiri  synclinal  being  in  an  extreme  state  of  crush.  Lookipg  at  the 
ittpid  change  from  heavy  conglomerate  to  scattered  pebble  bed  or  pudding-stone 
at  the  north  end  of  the  west  Tundri  ridge,  it  would  appear  as  though  their 
extremely  coarse  detrital  constitution  may  after  all  be  only  a  very  local  develop- 
ment in  an  insignificant  sandstone  band,  the  lateral  extension  of  which  may  he 
indicated  by  the  occasional  outcrops  of  sandy  flags  and  pebble  beds  occurring  in  the 
limestones  and  shales  to  the  westward  in  the  valley  of  the  Baghar  stream ;  or  it 
may  be  an  extension  of  the  sandstones  in  the  Sai  Dongri  hillocks  near  Padam- 
pur.  Mr.  Bose  has  also  indicated  a  large  spread  of  sandstones  in  the  RaLpur 
country,  overlying,  to  all  appearance,  the  limestone  group ;  and  the  Girgiri  beds 
may  be  related  to  these.    There  is,  of  course,  no  certainty  that  these  various  and 
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detached  sandstone  occurrences  are  of  one  and  the  same  band,  or  even  that  some 
of  them  are  not  merely  local  intercalations  with  the  limestones ;  so  that  it  wonld 
be  rash  to  conclade  that  the  GKrgiri  conglomerates  or  the  Raipur  sandstones 
belonged  to  a  farther  and  superior  member  in  the  series ;  at  the  same  time  there 
are  evidences  of  the  possibility  of  such  a  succession  in  the  detached  area  of 
Vindhjans,  near  Nawagarb,  to  the  south  of  this  basin,  described  by  Mr.  Ball  in 
his  papers  on  the  "  Mabanadi  basin  and  its  vicinity/'^ 

GhUpi  beds, — At  the  north-west  comer  of  tbe  basin,  the  route  from  the  Bilas- 
pur  plains  to  the  Mandla  plateau  goes  by  tbe  Chilpi  ghit ;  and  as  it  was  on  this 
pass  that  tbey  were  first  examined,  the  rocks  now  to  be  treated  of  may,  for  present 
convenienoe,  go  by  its  name.  Mr.  Medlicott  bas  suggested  the  possibility  of  their 
being  of  lower  Yindbyan  age,  and  as  either  lower  than  or  partially  representattye 
of  the  sandstone  member  of  tbe  Cbbattisgarb  series.  It  was  tbought  that  Mr. 
Bose's  examination  of  the  western  side  of  tbe  basin,  in  the  Saletekri  range  and 
its  slopes,  in  so  far  as  it  took  up  a  soutberly  continuation  of  the  Chilpi  rocks, 
wonld  have  cleared  up  all  difficulties  or  obscurities  in  tbe  way  of  settling  their 
relations  to  tbe  rocks  of  tbe  plain ;  but,  as  already  binted,  tbat  examination  was 
not  sufficiently  exhaustive.  My  march  into  Mandla,  at  the  end  of  the  season, 
gave  another  opportunity  of  examining  the  gh&t  section;  and  this  experience 
taken  in  connection  with  what  I  bad  already  seen  en  passant  at  Batanpur  and 
about  the  Soti  bill,  enables  me  to  connect  in  a  distant  way,  tbe  rocks  of  both 
areas  and  compare  the  relations  of  each  witb  the  plain  series. 

As  iar  as  tbe  Chilpi  ghit  and  its  immediate  neigbbourhood  are  concerned) 
there  is  no  contact  section :  the  strata  of  tbe  foot-bills  are  separated  from  the 
limestones  and  shales  of  tbe  plains  by  a  belt,  a  mile  or  so  in  width,  of  alluvial 
deposits,  and  such  seems  to  be  the  condition  of  obscurity  all  the  way  southwards 
along  tbe  western  edge  of  tbe  plain.  Taking  the  section  along  the  road  to  Chilpi 
from  Borla  village  on  the  edge  of  the  plain;  the  traveller's  dAk  bungalow  is 
btdlt  on  grey  or  pale  flesh-colored  bard  quartzite  sandstones  in  strongish  beds* 
somewbat  pebbly  and  conglomeratic  wbicb  are  bere  exposed  by  denudation  as  a 
roll  up  from  under  the  limestones  and  shales  of  the  immediate  neigbbourhood. 
The  small  temple  hill -in  tbe  village  consists  of  tbese  latter  rocks ;  and  to  the  west- 
ward there  is  about  a  mile  width  of  alluvial  deposits.  The  road  then  rises  gradually 
from  the  alluvial  flat  over  brown  and  buff-weatbering  clay-slates,  internally  of 
dirty  dark  green  color,  constituting  tbe  main  mass  of  tbe  first  ridges  or  foot-hills, 
their  strike  being  about  north-east— soutb-west,  with  a  rolling  or  undulating 
general  dip  to  north-west.  To  the  soutbward  of  Borla,  about  the  neigbbourbood 
of  Chahata  and  Oungbo,  just  witbin  the  edge  of  the  plain  this  strike  has  a  more 
southerly  trend;  and  bere  the  clay  slates  are  overlaid  by  tbin  sandstones  and 
graveb  with  a  rolling  easterly  dip,  though,  as  usual,  there  is  the  tantalizing  blank 
of  aUuyium  and  cotton  soil  between  them  and  the  limestones  out  in  the  plain 
of  Minminia.  Chabata  is  on  dark-green,  reddisb-brown  weathering,  coarse  clay- 
slates,  and  these  are  tolerably  well  traceable  towards  Ghingbo  wbere  tbey  gradu- 
ally become  overlaid  by  rolling  yellow  and  buff  sandy  and  clayey  shales,  wbicb  in 
thfifir  turn  are  succeeded  by  tbin  sandstones  and  gravels,  having  an  easterly  dip. 

1  Beoordi,  Q.  S.  I.,  X,  p.  178. 
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The  difOlctdty  is  to  say  decidedly  whether  these  shales  come  in  over  the  clay- 
slates  in  conformable  or  nnconformable  succession  ;  for  the  lie  of  the  latter  is  not 
well  displayed,  and  they  could  easily  have  rolled  over  from  their  high  westerly 
dip  at  Chahata.  My  own  opinion  is  that  the  shales  and  sandstones  are  uncon- 
formable,  and  they  certainly  do  look  very  like  the  thin  gravelly  and  shaly  bottom 
beds  at  Batanpur^  and  on  the  Hasdu. 

Taking  up  the  road  section  again;  it  crosses  the  foot-hills  by  a  winding 
course  to  the  open  valley  of  the  Banjari  stream,  always  over  dark-green  clay- 
slates  (weathering  buff-brown  and  reddish  colors)  with  which  are  assocmted 
subordinate  beds  of  harder  compact  claystone  and — less  frequently — ^beds  of  hard 
sandstone  (quartzite)  much  stringed  with  white  quartz.  Similar  rocks,  with 
perhaps  coarser  and  more  sandy  cleaved  shales,  sometimes  weathering  a  bright 
ferruginous  red,  fill  up  this  valley  and  constitute  the  greater  part  of  the  ridges 
on  its  western  side,  and  beyond  this  occur  traces  of  hard  green  quartzose  beds, 
or  grits,  full  of  particles  of  white  quartz  and  felspar  or  larger  sub-angular 
fragments  of  granitic  and  crystalliifo  debris.  Then,  at  the  foot  of  the  old  ghat 
or  pass  up  to  Bajahdar  are  massive,  granular,  and  somewhat  porphyritic  green- 
stones, and  red  and  green  mottled  brown  trappoid  rocks,  in  somewhat  banded 
outcrops  and  apparently  striking  with  the  green  quartzose  grits,  and  slaty  strata 
'  even  higher  up  the  pass. 

The  strike  over  all  this  ground  is  about  north-east-south-westy  and  the  dip 
appears  to  be  generally  north-westward,  though  rolling  and  folding  almost 
amounting  to  reduplication  are  evident.  Towards  the  foot  of  the  old  gh&i,  how- 
ever, the  strike  trends  round  to  nearly  north  and  south. 

Following  up  the  Banjari  stream  towards  Palak,  the  change  of  strike  becomes 
more  quickly  developed,  until  at  the  camping  place  it  is  south-south-east  to  north- 
north- west,  with  east-south-east  dips.  Here,  too,  there  is  a  decided  and  sudden 
change  from  the  clay-slates  of  the  foot-hills  to  what  would  appear  to  be — ^from 
the  dip — an  underlying  band  of  hard  massive  green  white-speckled  grits, 
associated,  with  coarser  and  more  massive  cleaved  shales  and  shaly  grits,  and  day 
slates.  The  speckled  grits  become,  as  the  strike  is  crossed  against  the  dip, 
coarser  and  coarser  in  their  contained  debris,  until  a  thick  and  strong  band  of  hard, 
but  irregularly-bedded,  extremely  coarse  and  heavy  conglomerate  is  reached,  which 
is  best  seen  in  the  river  north  of  the  road.  This  band  is  a  closely  packed  but 
very  obscurely  bedded  mass  of  well-worn,  rounded,  sub-angular  and  angular 
fragments  of  various  kinds  of  quartz,  quartz-rock,  quartzose  rock,  or  fine  quart- 
zite and  quartz-schist,  hard  green  shales  and  cherts,  through  which  are  scattered 
small  pebbles  or  rounded  masses  of  white  felspar.  The  speckled  green  grits 
above  it  are  fuller  of  bits  of  white  quartz  and  felspar ;  and  when  they  are  very 
fine  grained  and  compact,  they  certainly  have  a  sort  of  igneous  look.  Below,  or 
to  the  westward  of  the  conglomerate  band,  are  further  dark-green  massive  slaty 
bands,  with  softer  slates  at  intervals,  and  there  are  also  frequent  outcrops,  perhaps 
repetitions,  of  the  white  speckled  grits.  Towards  the  foot  of  the  main  ascent  of 
the  gh&t,  indications  of  a  lower  easterly  dip  are  frequent,  and  there  is  some  undula- 
tion among  hard  thick-bedded  massive  slaty  quartzose  rocks.  Next  comes  a  long 
display  of  trappoids  and  dark-green  massive  trap  or  greenstone ;  giving  perhaps  an 
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exaggerated  view  of  their  possible  thickness,  as  the  road  keeps  a  good  deal  on  what 
maj  be  their  strike,  if  they  are  associated  in  this  way  with  the  more  manifestly 
bedded  rocks  of  the  foot  and  npper  part  of  the  pass.  Near  the  top  a  heavy  con- 
glomerate, exactly  like  that  below  at  Palak,  occurs  with  a  westerly  dip ;  and 
this  rock  is  succeeded  by  the  Lameta  limestone  and  the  overlying  basalts  of  the 
Deccaii  series. 

On  the  plateau,  the  basalts,  after  some  distance  from  the  edge,  and  to  the  north  of 
Rajahdar,  have  been  denuded  along  the  valley  of  the  Phen  river,  until  the  thin 
underlying  Lametas  again  become  exposed ;  while  further  down  the  valley  there 
are  occasional  outcrops  of  a  strong  conglomerate  answering  exactly  to  that  at 
bottom  and  top  of  the  gh&t.  Thence  westwards  to  Motinala,  clay  slates  and  green 
quartzose  and  compact  schistose  rocks  are  prevalent.  Schistose  micaceous  sand- 
stone flags  occur  in  the  bed  of  the  stream  below  Motinala,  with  a  dip  of  5^  north- 
west; and  similar  sandstones  and  slaty  shales  are  common  in  every  small  water- 
course of  this  small  valley,  rolling  about  at  all  angles. 

So  far  the  Chilpi  facies  is  clearly  recofirnizable ;  but  somewhat  more  generally 
schistose,  homblendic  and  micaceous  rocks  come  in  over  the  Halon  valley  and  extend 
to  the  Bichia  basalt  plateau,  without  however  any  sudden  change,  or  any  more 
steady  strike  or  lie.  On  the  other  hand,  in  descending  from  the  western  edge  oi 
the  Bichia  plateau  to  the  Anjania  valley,  the  more  generally  massive  and  crystal- 
Une  gneissic  rocks  would  indicate  that  the  limit  of  the  Ohilpis  had  been  passed. 

In  reviewing  the  lithological  and  stratigraphical  conditions  exhibited  on  the 
Chilpi  ghftt,  as  well  as  over  the  area  of  what  are  manifestly  the  same  set  of  rocks 
westwards  towards  the  Hasdu  river,  or  ag^ain  southwards  in  the  Saletekri  ridge,  it 
is  difficult  to  avoid  noticing  certain  points  whicb  seem  to  militate  against  the  rela- 
tion suggested  by  Mr.  Medlioott  as  existing  between  them  and  the  Lower  Vin- 
dhyans  of  the  basin. 

In  the  first  place,  the  Chilpi  rocks  Have  a  decidedly  different  facies  to  those 
of  the  plain  and  its  proper  rim,  wbile  tbey  seem  to  pass  gradually  or  without  a 
break  into  more  and  more  thoroughly  sub-metamorphic  rocks.  I  do  not,  however, 
here  lose  sight  of  the  fact  that  in  Mr.  Medlicott's  Lurmi  section,  the  junction 
between  the  crystallines  of  the  Elhathar  hill  and  the  slates  and  shales  on  its  southern 
flanks  is  comparatively  sharp. 

2.  There  are  rocks  on  the  Chilpi  ghftt  which  can  be  very  closely  matched  by 
those  of  the  Batanpur  '  old  city '  hills  and  the  Soti  hill,  where  as  I  have  already 
described,  there  seems  to  be  a  transitional  facies  emphasized  by  a  strongly  dis- 
cordant relation  with  the  bottom  sandstones  of  the  rim  of  the  basin. 

3.  Tbe  Chilpi  series  occupies  a  broad  tract  of  country,  and  though  this  may  be 
■hewn  to  narrow  down  in  a  gradual  way  to  the  Hasdu  river,  the  strange  fact  re- 
mains— supposing  they  are  Lower  Vindhyans — ^that  it  should  come  in  in  such  a 
marked  and  rapidly  thickening  manner  at  one  side  or  comer  of  the  basin 
either  from  under,  or  in  association  witb  a  thinning  out  of  an  essentially  sand- 
stone group  which  bas  been  over  the  remaining  two-thirds  of  the  basin  edge  the 
absolute  basal  member  of  the  Chhatdsgarh  Vindhyans. 

4.  Although  there  is  no  known  occurrence  of  the  thin  band  cd  bottom 
sandstones  (with  shale  intercalations)  on  the  Chilpi  ghAt  itself;  an  apparent 
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representfttive  of  them  oocon  to  the  south  of  Boria  oyerljing,  I  think  nneonform- 
abljy  the  green  clay  slates  of  the  foot-hills.  Similar  sandstones  hare  been  recog. 
nized  still  further  to  the  south,  bnt  nnder  the  disadvantage  of  not  as  jet  having 
been  clearlj  distinguished  from  other  sandstones  which  are  associated  with  the 
slates  and  trappoids  in  the  Saletekri  hills.  Neyerthelesa  these  questionable  occur, 
rences  have  some  value  in  this  stage  of  the  enquiry,  in  so  far  as  they  lend  color  to 
the  expectation  that  a  distinct  and  recognizable  thin  sandstone  representative  of 
the  Ghandarpur  beds  may  exist  all  round  the  western  side  of  the  basin. 

5.  The  apparent  parallelism  of  strike  in  the  rocks  of  the  plains,  and  in  those  of 
the  foot-hills,  can  be  accounted  for  by  north-westerly  crush  of  the  easy-lying 
basonal  beds  against  a  series  which  may  have  already  had  somewhat  of  the 
strike  exhibited  in  the  Lurmi,  Ohilpi,  and  Saletekri  slopes. 

There  are  other  exhibitions  not  unconnected  with  the  Ghilpi  rocks  which 
might  be  referred  to  now;  such  as  the  occurrence  at  Sakoli  of  coarse  conglo- 
merates, trappoids,  and  green  rocks  in  the  extreme  southern  spurs  and  prolonga- 
tions of  the  Saletekri  hills,  already  known  through  the  work  of  Messrs.  Blanford 
and  Ball,^  but  they  have  not  been  oonnected  up  with  the  present  work. 

I  may  point  out,  however,  that  Mr.*  Bose  has  mapped  in  a  tract  of  rocla  on 
the  southern  edge  of  the  Baipur  part  of  the  field,  separated  entirely  by  crystal- 
lines, from  those  of  the  Saletekri  hills,  near  Khussumkassa,  which  he  considers 
representatives  of  the  Saletekri,  or  in  other  words  the  Ghilpi  series.  The  awkward- 
ness of  this  occurrence  is  that  the  relations  of  the  bottom  sandstones  of  the  basin 
edge  to  those  underlying  rocks  are  not  sufficiently  displayed,  or  closely  enough 
described  by  Mr.  Bose,  for  the  acceptation  of  the  unconformity,  which  might  he 

inferred. 

The  relations  of  the  Ghilpi  series  and  the  proper  Ghhattisgarh  Tindhyans  must 
therefore  still  remain  an  open  question ;  and  though  I  have  tried  as  well  as  I 
could  to  put  forward  some  of  the  points  which  strike  me  as  not  satisfying  the 
requirements  of  Mr.  Medlicott's  suggestion,  it  will  be  safer  to  hold  by  it  until 
better  evidence  can  be  accumulated. 

liOWBR  GONDWANA. 

The  general  limits  of  this  formation  in  the  present  field  have  been  long  known 
through  the  work  of  Messrs.  Medlicott,  W.  T.  Blanford,  and  Ball,  and  papers 
by  the  two  last  authors  on  the  numerous  coal-fields  nave  appeared  from  time  to 
time  in  these  records.  Thus  our  later  work  has  been  little  else  but  the  filling  in 
of  unsurveyed  intervals,  or  the  ascertaining  of  details. 

A  remarkable  physical  feature  in  this  region,  paralleled  in  many  other  Lower 
Gbndwana  areas,  is  the  generally  straight  south-western  boundary,  extending  as  it 
does  with  tolerable  precision  from  the  neighbourhood  of  Korba  nearly  down  to 
Sambalpur.  It  is  not  proposed  here  to  enter  further  into  the  general  discussion 
as  to  whether  such  straightness  of  boundary  is  due  to  faulting  in  great  part,  or 
merely  to  deposition  in  a  straight-sided  valley  or  basin  ;  but,  as  bearing  upon  the 
local  feature,  the  fact  of  the  oocurrence  of  a  small  and  hitherto  unknown  area  of 

>  Becordt,  O.  S.  I.,  X,  p.  180. 
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Talchirs  and  Barakars  actuallj  within  ihe  Chhattisgarli  basin  is  of  considerable 
interest. 

This  outlier  occurs  on  the  eastern  flanks  of  the  Gida  hill,  and  being  in  the 
plains,  is  at  about  the  same  level  as,  or  very  little  lower  than,  the  proper  Mand 
valley  ooal-field  to  the  north  of  the  river  pass.  It  occupies  an  area  of  about 
5^  square  miles ;  the  Barakars,  which  are  in  contact  with  the  Yindhyan  sand- 
stones of  the  hill,  taking  up  about  half  the  space,  while  the  Talchirs  hade  out 
from  underneath  them  and  fill  up  the  remaining  half,  the  latter  resting  on  the 
red  purple  shales  of  the  plain.  Both  groups  are  well  displayed  in  the  vicinity 
of  the  village  of  Kunkuni,  lying  with  an  easy  dip  of  6° — 10**  west.south-west. 
Actual  contact  of  the  Barakars  on  the  Yindhyan  sandstones  vms  not  found, 
but  the  junction  is  so  close  at  the  southern  end  where  the  BaJu  stream  issues 
from  the  central  valley  of  the  hill  mass,  and  the  baying-in  of  the  sandstones 
over  the  easterly  dipping  quartzites  is  so  clear  that  natural  and  easy  contacts 
cauiot  be  doubted. 

The  Barfikkars  resemble  very  closely  those  of  the  Eaigarh-Hingir  country* 
but  without  any  trace  of  coal  that  I  could  see,  and  they  have  near  the  base 
tJie  same  ferruginous  flaggy  and  clay-stone  band,  giving  lateritic  weathering,  which, 
here  too,  is  worked  for  iron  by  a  colony  of  lohars.  The  Talchirs  ar6  the  usual 
greenish  silts  or  very  fine  sands  with  occasional  boulders  of  gneiss  and  quartzite, 
and  at  the  southern  end  of  the  field  a  local  exhibition  of  fine  pale-yellow  or  buff 
sandy  shales  occurs  in  a  bend  of  the  Balu  stream. 

I  will  not  go  so  far  as  to  suggest  that  this  little  field  was  once  connected  with 
the  main  area  to  the  north ;  indeed,  the  character  and  lie  of  the  rocks  in  the 
river  gorge  is  rather  against  such  a  view  :  but  there  is  no  doubt  that  the  condi- 
tions of  deposition  and  subsequent  movement  must  have  been  much  the  same 
in  both  areas,  as  well  as  in  the  more  distant  area  of  Talchirs  and  Barakars  to  the 
eastward  in  the  Sambalpuri-Kodibuga  valley  near  Biaigarh.  The  only  difference 
in  the  occurrence  of  the  groups  in  the  latter  region  is  that  the  Talchirs  are  not 
exposed  on  what  may  be  called  the  offrside  with  regard  to  the  Yindhyan  sand- 
stone edge,  but  crop  up  at  intervals  where  the  Barakars  have  been  denuded  on  the 
inside  or  next  the  hill  ridge :  but  this  does  not  alter  the  fact  that  here,  as  on  the 
flanks  of  the  Gida  hill,  the  Barakars  simply  overlap  natural-lying  Talchirs  by 
thickness  of  deposition  against  a  rather  steep  wall  of  more  ancient  rocks.  My 
examination  of  the  Sambalpuri  valley  was  very  close,  and  it  soon  became  evident 
that  the  boundary  where  the  Talchirs  are  seen  in  close  juxtaposition  with  the  Yin- 
dhyans  is  not  straight  but  wavy,  and  delineatable  (to  coin  a  word)  as  such  on  the 
1-inch  map.  Indeed,  if  general  straightness  were  to  be  taken  as  at  all  conclusive 
of  faulting,  it  might  be  doubted  whether  the  straight  limitation  (always  covered  up 
by  alluvium)  between  the  £[amthis  and  Barakars  on  the  opposite  side  of  this 
narrow  valley  were  natural.  The  turning  up  of  the  Talchirs  at  low  angles 
along  the  skirts  of  the  Sambalpuri  ridge  of  quartzites  is,  at  the  same  time, 
reaUy  not  more  than  is  consistent  with  the  peculiar  filling-up  and  banked  style  of 
very  many  curious  TaJchir  exposures,  yet  to  be  noticed,  in  other  parts  of  the  field. 

TalchiTs. — Further  stirvey  has  marked  out  a  strong  development  to  the  north- 
ward of  Korba  town,  in  the  Ghhuri,  Mahtin,  and  Uprora  zemindaries,  and  on 
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north-eastward  into  Sirgajah  bj  Lakhonpar.  On  the  Chhnri  and  Mahtin  aide, 
the  formation  fills  np  the  bottoms  of  several  long  and  deep  valleys  running  be- 
tween high  hills  of  gneiss,  while  there  are  also  outlying  patches  of  the  character- 
istic silts  and  bonlder-bed  on  the  hills  and  uplands ;  and  in  this  way  the  intervals — 
if  indeed  they  do  exist— which  separate  the  Mahanadi  tnict  of  Gondwanas  from 
that  of  the  Son  in  South  Rewah  must  be  very  short.  In  Uprora,  the  Talchirs 
are  continued  eastward  and  north-eastward  by  a  narrow  fringe  bordering  the 
northern  edge  of  the  Phutka  mass  of  hills,  and  thence  below  the  steep  slopes 
of  the  Lakhanpur  plateaus. 

The  thickness  over  this  part  of  the  country  is  very  unsteady :  and  the  pre- 
sence of  boulder-bed,  or  fine  laminated  shales,  or  fine  silty  sandstones  is  equally 
capricious.  The  floor  of  crystallines  is  most  rugged  and  uneven ;  valleys,  ravines 
ridges  and  bosses  of  these  rocks  having  been  filled  up  or  covered  over  until 
the  more  even  surface  was  produced  upon  which  the  succeeding  Barakars  were 
deposited.  To  the  north-eastward,  or  at  the  foot  of  the  Dulapur  (3,169  feet) 
and  Jaun  (3,197  feet)  range,  the  fringe  is  very  narrow  and  of  little  thickness  ; 
but  further  south  or  below  the  Samar  (2,411  feet)  cliffs,  the  boulder-bed  and  fine 
uneven-bedded  sandstones  are  well  spread  out  over  the  Arsena  upland,  with  a 
most  variable  thickness,  evidently  filling  up  hollows  which  were  as  numerous  and 
deep  as  the  existing  valley  system  of  the  head  drainage  of  the  G-andhar  stream. 
The  Arsena  display  is  very  curious  and  puzzling,  for  one  could  not  be  always 
sure  that  the  frequent  occurrences  of  very  large  masses  of  gneiss  and  granites 
were  not  in  situ^  or  that  the  extraordinary  amount  of  gpravel  and  shingle 
associated  with  them  was  not  merely  Talchir  debris.  However,  one  soon  meets 
with  almost  as  frequent  big  masses  of  quartzite  sandstone ;  while  the  different 
lithology  of  the  crystalline  masses  becomes  apparent :  and  in  the  end  similar 
blocks  are  seen  embedded  in  the  fine  silty  sandstones  forming  the  very  steep 
sides  of  some  of  the  minor  valleys. 

As  usual,  there  is  no  fixed  horizon  or  level  for  the  coarser  or  finer  forms  of 
deposition :  fine  sandstone,  shales,  or  boulder  bed  may  be  met  anywhere  in  the 
ravines  or  on  the  shoulders  of  the  downs  or  rounded  hills  of  this  tract ;  and  the 
general  facies  is  that  of  irregularly  banked-up  accumnlations  of  fine  silts,  shales, 
or  boulder  bed  having  only  very  local  lamination  or  signs  of  bedding. 

The  small  water-course  rising  on  the  Arsena  side  of  the  remarkable  crystal- 
line ridge  (with  a  dyke  core  of  basalt),  gives  a  fair  display  of  the  Talchirs  as  it 
flows  down  towards  Lemru.  The  bottom  rocks,  plastered  as  it  were  over  the  crystal- 
lines, are  blue-green  silts  and  shales  full  of  pebbles  and  big  boulders  of  all  kinds  of 
quartzite  sandstones^  hardened  shales  or  clay-stones,  and  ciystallines,  not  crowded 
together  but  scattered  at  irregular  intervals.  There  is  no  steady  lamination  or 
bedding,  merely  a  sort  of  inconstant  or  wavy  arrangement  indicative  of  irregular 
and  interrupted  sedimentation.  The  boulder  banks  are  overlaid  or  succeeded  by 
yellow-green  and  buff  sandy  shales — still  holding  a  few  boulders — which  in  their 
turn  shade  up  into  a  very  thick  accumulation,  sometimes  bedded,  of  yellow  and 
greenish  sandstones.  These  last  are  succeeded  by  coarser  sandstones,  but  without 
any  passage  being  seen  in  any  exposure  that  I  could  find,  which  must  be  taken  as 
Barakars.    The  low  ridge  immediately  south  of  Arsena,  for  example,  has  its  sammit 
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ofthin-bedded  brown  femi^oas  sandstones  and  grits  of  the  lower  Barakar  type 
of  the  Hingir  coal-field;  but  they  come  in  quite  gradoallj  and  naturaUj  oyer  the 
Talchirs. 

Between  Lemra  and  Deopani  to  the  west,  the  oat-crops  of  huge  masses  of 
gneiss  in  the  fine  bufE  sandstones  are  so  strong  at  times  that  some  of  them  can 
hardly  be  other  than  knobs  or  crests  of  irregular  ridges,  once  more  exposed 
through  denudation  of  the  Talchirs ;  and  this  form  of  occurrence  is  not  so  strange 
when  the  conditions  of  the  very  remarkable  system  of  east- west  crystalline  and 
basaltic  ridges  in  Mahtin  and  IJprora  is  considered.  The  ciystalline  ridges  un- 
doubtedly stood  out  very  much,  as  they  do  now,  in  Talchir  times ;  for  silts,  boulder 
bed,  and  sandstones  can  be  seen  in  both  regions  lying  flush  against  the  base  of 
some  ridges,  even  on  both  sides ;  as  is  more  particularly  the  case  in  the  valley 
to  the  north  of  IJprora,  and  in  the  two  long  and  narrow  valleys  leading  west- 
ward from  Mahtin  to  the  Pendra  upland :  but  the  basaltic  dykes  forming  some  of 
their  cores  are  of  later  age,  for  in  other  parts  of  the  field  they  cut  right  up 
through  the  Gondwanas  into  contact  or  junction  with  the  overlying  Deccan  trap. 

The  lie  of  the  formation  is  generally  very  easy  ;  but  the  different  elevations 
within  short  distances,  at  which  one  finds  bottom  deposits,  are  apparently  so  great 
that  it  has  been  thought  necessary  by  previous  observers  to  call  in  more  than 
ordinary  elevatory  forces  to  account  for  them.  The  highest  show  of  Talchirs  in 
this  field  is  on  the  Ber  valley,  near  Meria,  at  about  2,500  feet  over  sea  level,  while 
the  nearest  low-lying  tracts  of  the  same  rocks  are  on  the  head-waters  of  the  Mand 
near  Bakhob,  at  an  elevation  of  about  1,000  feet,  with  an  interval  of  about  19 
miles  horizontal ;  or  in  other  words  with  a  fall  of  1,500  feet  in  19  miles.  There  is 
undoubtedly  some  faulting  in'  the  neighbourhood  of  Bakhob,  but  an  average  dip 
of  not  more  than  11°  is  aU  that  is  required  to  carry  the  Talchirs  of  the  Mand  up 
to  their  elevation  on  the  Ber.  Much  sharper  differences  of  level,  though  the  ab- 
solute height  is  not  so  great,  are  frequent,  according  to  the  observations  recorded 
by  Sub- Assistant  Hira  Lai,  in  the  Ghhuri  and  Mahtin  country ;  but  these  are  all, 
I  think,  explainable  on  the  peculiar  fiUing-up  tendencies  or  ballasting  powers  of  a 
ground-ice,  or  floating-ice  formation  such  as  the  lower  portion  of  the  Talchirs 
appears  to  have  been. 

The  puzzle  about  the  formation  here  is  to  say  where  it  ceases  in  an  up- 
ward succession,  or  at  what  stage  the  overlying  Barakars  come  in:  all  that  one 
can  be  sure  of  is,  the  being  on  Talchirs  of  the  more  typical  form,  or  on  Barakars 
of  well-known  and  widely  distributed  type ;  and  thus  the  boundary  between  the 
two  is  to  a  large  extent  arbitrary,  though  after  all  it  cannot  be  far  out  on  either 
one  side  or  the  other.  I  was  enabled  to  follow  the  succession  with  fair  closeness  at 
two  points :  first  along  the  bed  of  the  Kesla  tributary  of  the  Dhongur  river  on  the 
south-west  skirts  of  the  Phutka  mass  of  hills  in  Korba ;  and  next,  down  the 
Katora  pass,  from  the  Sirgujah  high-lands  to  the  lower  upland  of  IJprora,  in  the 
extreme  north-east  of  our  area.  I  was  on  undoubted  Barakars  with  coal  seams  in 
the  Kesla  str^un,  and  in  following  its  course  downwards,  I  passed,  without  once 
losing  sight  of  rock,  insensibly  from  great  thick-bedded  pot-hole- worn  sand- 
stones to  finer  and  finer-grained  thick  beds  of  greenish-yellow  and  buff  sand- 
stones almost  like  some  varieties  of  Talchir  sandstones.    Then  after  a  blank  of 
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allnvial  deposits,  the  next  rocks  seen  lower  down  the  river  towards  Risdnare  silts 
and  the  boulder  bed.  On  the  Katora  pass,  the  interval  between  the  nndoubted 
boulder-bed  and  silty  flags  at  the  bottom  near  Bahne  and  the  thick-bedded  fine 
yellowish  or  bufE  sandstones  of  the  lowest  run  of  clifis  is  much  shorter ;  but  it  ia 
covered,  as  usual,  on  that  side  of  the  country  by  a  talus  of  debris  which  has  gathered 

below  these  cliffs. 

One  other  but  isolated  occurrence  remains  to  be  noticed  of  Talchirs  and  Baia- 
kars  in  tolerably  close  contact.  On  the  head- waters  of  the  Ber  river,  that  is,  on 
the  upland  to  which  the  Katora  pass  leads,  about  the  villages  of  Kesora  and 
Merua,  Mr.  Ball  had  already  distinguished  Talchirs,  or  rocks  which  he  considered 
lithologically  undistinguishable  from  them.  There  can  be  no  doubt  as  to  their 
occurrence  here,  but  the  boulder  bed  is  in  such  close  and  abrupt  juxtaposition 
with  thick-bedded  fine  sandstones  of  the  type  indicated  in  the  last  paragraph  that 
the  junction  has  certainly  an  appearance  of  unconfirmity  about  it.  Unfortunately, 
I  was  here  struck  down  with  a  sharp  attack  of  fever  which  necessitated  mj 
marching  out  of  the  valley  as  soon  as  I  could  be  moved,  so  that  the  clearing  up  of 
this  point  remains  over  for  a  later  visit. 

Barakars. — This  formation  is  fairly  distinguishable  over  most  of  the  Korba, 
Mand,  and  Rer  regions,  while  it  possesses  the  valuable  characteristic  of  being  coal- 
bearing  in  several  localities.  Ball  had  already  followed  it  out  over  the  east  side  of 
the  Mand  valley  and  Blanf  ord  had  traversed  the  Korba  field ;  while  I  have  closed 
in  the  country  between,  carrying  the  coal-bearing  horizon  into  the  lower  portion  of 
the  great  Phutka  hill  block.  There  is  no  difficulty  about  recognition  on  the  south, 
soutib-eastem,  and  eastern  flanks  of  the  mountains,  where  the  slopes  are  long,  giving 
good  exposures  of  typical  rocks ;  but  it  is  not  at  all  so  easy  to  do  this  on  the  steep, 
cliffed  north-western  frontage,  for  in  the  first  place  I  failed  to  get  a  trace  of  coal  or 
carbonaceous  shale,  and  the  rocks  themselves  are  not  so  clearly  of  the  Barakar 
type.  It  turned  out,  however,  that  the  lower  line  of  clifEs  is  made  up  of  thick  and 
fine-grained  beds  like  those  of  the  lower  reaches  of  the  Kesla  river,  and  the  bottom 
of  the  Katora  pass  already  referred  to ;  and  that  the  more  usual  form  of  Barakar 
sandstones  is  higher  up  in  the  clifEs  or  rather  in  the  short  terrace  between  the 
two  tiers  of  clifEs,  generally  marking  the  north-west  faces  of  the  range.  The 
key  to  this  interpretation  is  afforded  by  the  succession  of  strata  as  exhibited  in  the 
Mand  valley  below  the  western  slopes  of  the  Phutka  range,  particularly  on  the 
Bijakharra  and  Labed  streams.  In  these  sections  a  fairly  well-developed  seam  of 
coal  and  carbonaceous  shales  is  overlaid  by  softish  fine-grained  yellow  or  buff 
sandstone,  dashed  here  and  there  with  sheets  of  salmon  and  red  colour.  High 
bluffs  of  this  form  of  rock  occur  every  now  and  then  at  the  sharp  bends  of  the  stream, 
sometimes  50  feet  in  height,  without  a  single  bed  parting ;  or  if  there  be  such,  it 
is  only  for  short  distances.  Often  there  is  just  a  thin  bottom  layer  or  bed,  6 
to  8  inches  in  thickness,  coming  in  over  the  blue  and  grey  shales  of  the  coal  seam. 
The  features  of  this  variety  of  Barakar  sandstones  are  thickness  of  bedding  and 
fineness  of  texture.  Up  above  and  for  some  distance  in  from  the  face  of  these  clifb 
the  rock  is  so  soft  and  devoid  of  any  trace  of  lamination  that  it  might  be  taken  for 
a  semi-hardened  or  cemented  form  of  superficial  deposit.  In  the  Bijakharra  river 
above  the  Kulgao-Phulsari  crossing,  one  may  walk  for  a  mil\3  or  so  over  coal  and 
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carbonaoioQs  sbales  with  tke  Buperinciuiibeiit  thick-bedded,  eyen-teztared,  fine- 
gnined  buff  and  yellow  red-dashed  sandstones  rising  up  in  clean  clifEs  on  either 
dds;  and  still  farther  up,  these  are  gradoally  socceeded  by  massiye  coarse  and 
pot-hole- worn  sandstones  of  the  type  so  prevalent  in  Hingir  and  in  the  Wardha  and 
(xodayari  vaUeys. 

This  soft  lower  member  is  traceable  on  northwards  to  Amaldiha  at  the  head  of 
the  Mand  TaUey,  and  is  recognizable  again  in  the  Matringa  valley  of  the  Sirgu  jah 
nplaod  on  the  head-waters  of  the  Ber.  Indeed,  the  constitution  and  texture, 
and  fair  horizontally  of  these  rocks  has  contiibnted  greatly  to  the  peculiar 
tentaoed  oontonr  of  the  bottom  of  the  Matringa  valley :  the  steam  rons  in  what 
looks  exactly  like  a  terraced  alluvial  plain  at  the  bottom  of  a  long  and  wide 
monntain  valley,  but  the  terrace  is  of  these  soft  Barakar  rocks  which  give  the  30 
to50feetstop  to  the  proper  river  plain.  The  villages  of  Matringa^  Merua,  &c., 
the  cultivated  lands,  and  all  the  beautiful  ptretch  of  sal  jnngle  are  on  this  ter- 
noe  and  overlook  as  from  a  vantage  ground  the  lower  flat  with  its  winding 
river.  Similar  strata  terrace  the  valley  of  the  Borki  tributary  of  the  Ber 
to  the  westward,  up  which  the  road  to  the  Eatora  pass  runs ;  and  over  that  pass 
and  down  its  western  slopes  in  the  Bahue  valley  the  same  beds  are  again  found 
forming  a  terrace  step  and  cliff  descent  of  nearly  200  feet  to  the  underlying 
Talchin. 

KawJkhU, — The  Barakars  of  the  basal  portion  of  the  Phutka  range  are  gra- 
dually succeeded  by  a  great  thickness  of  more  open-grained  coarser-textured 
and  often  pebbly,  generally  white  or  purple-streaked  felspathic  sandstones,  with 
frequent  intercalations  of  white  clays,  in  moderately  thick  and  well-defined  beds ; 
the  only  sign  of  a  break  or  passage  being  the  occurrence  of  a  badly-defined  band 
of  varying  thickness  of  brown-weathering  ferruginous  sandstones  which  may 
be  taken  to  represent  the  more  generally  surface-exposed  tracts  of  red  and  brown 
Kamthig  in  the  Hingir-Raigarh  country.  The  pale  colour  and  wonderfully 
pebbly  constitution  of  the  upper  strata  led  me  at  first  to  suspect  that  the 
higher  parts  of  the  hill  mass  might  turn  out  to  be  of  Upper  Gondwana  rocks ; 
bnt  the  occurrence  of  much  crushed,  though  recognizable,  specimens  of  Vertebraria 
in  the  white  clays  of  the  Ouarduari  (3,250  feet)  hill  elEectually  stopped  this 
expectation. 

That  the  brown  ferruginous  band  of  sandstones  marks  the  basal  portion  of 
the  irA.tni.Ki«  in  the  Phutka  range,  is  pretty  evident  from  the  fact  of  Mr.  Ball 
having  been  able  to  distinguish  his  Hingir  or  *  upper  sandstones '  (Kamthis) 
nptoandacross  the  Mand  river,  as  far  as  the  little  Oumar  plateau;  and  from 
my  having  carried  the  same  rocks  into  the  larger  Jobi  plateau  and  thence  after 
an  intervening  plain  of  BarakarSy  into  the  Kakaigadra  (1,602  feet)  group  of 
low  hills,  about  Nunbira  and  Sendrapali,  forming  the  extreme  end  of  the 
soaihem  spurs  of  the  Phutka  range.  Similar  brown  sandstones  make  up  the 
Wer  parts  of  the  loftier  Baka  and  Bitrahi  group,  and  are  there  succeeded  or 
overlaid  by  paler-coloured  white  or  purple-streaked  open-textured  and  coarse 
pebble- seamed  beds  with  white  clay  intercalations,  containing  Vertebraria, 

I  did  not  come  across  any  section  showing  actual  contact  of  the  Kamthis 
on  the  Barakars,  but  there  always  appeared  to  be  perfect  conformity  between 
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the  two.  On  the  other  hand,  overlap  is  very  clear  at  this  southern  end  of  the 
Phutka  spurs,  there  being  only  a  very  narrow  strip  of  Barakars  in  the  Sendrapali 
and  Dongama  plain  below  the  low  Kamthi  scarps  of  the  Kakaigadra  range) 
and  this  is  edged  on  its  south  side  by  a  thin  fringe  of  Talchirs  next  to  the  rising 
ground  of  crystallines  on  the  flanks  of  the  Pipra  ridge. 

The  apparently  diminished  ferruginous  element  in  the  Phutka  Kamthis  is  very 
marked ;  while  there  is  little,  if  any,  sign  of  the  red  clays  so  common  in  the  Hingir 
country.  This  may  arise  in  great  part  through  insufficient  exposure  and  denu- 
dation, or  from  the  overpowering  influence  of  the  greater  thiclmess,  sometimes  in 
great  scarps,  of  lighter  or  paler  coloured  rocks,  and  the  very  large  amounted  their 
debris  scattered  oyer  the  lower  slopes.  It  must  also  be  remembered  that  the  best 
exhibitions  of  ferruginous  strata  and  red  clay  bands  must  necessarily  be  where 
denudation  has  laid  bare  extended  plateau  suxfaoes  of  those  particular  members, 
as  is  the  case  in  the  Hingir  country.  A  rather  prominent  form  of  debris, 
scattered  about  the  skirts  of  the  Phutka  range,  consists  of  huge  feagments  of  a 
pale-red  clayey  form  of  laterite  which  seemed  to  point  to  the  existence  of  red 
clay  bands ;  but  this  soon  turned  out  to  have  fallen  from  the  capping  of  laterite, 
or  a  lateritized  form  of  weathered  trap  occurring  on  many  of  the  loftier  flats 
of  this  mountain  mass,  at  levels  of  from  2,000  to  over  3,000  feet. 

At  the  same  time,  there  is  an  almost  absolute  thinning  out  of  the  lower  brown 
ferruginous  member  on  the  northern  flanks  of  the  Phutka  range,  or  more  especiaDy 
^n  that  deeply  eroded  portion  of  it  joining  on  to  the  Sirgujah  plateaus  over- 
looking the  Ber  drainage.  I  always  passed  on  that  side  of  the  country,  wkerever 
there  is  a  gap  in  the  hills,  from  Barakars  of  the  fine-g^rained  type  to  coarse  and 
harsh  open-textured  grey  or  pale  buff  and  white  purple-streaked  sandstones,  having 
frequent  seams  of  g^vel  and  large  pebbles  of  white  or  glassy  quarts,  without 
seeing  a  trace  of  the  harder  brown  beds. 

Boring  Exploration  in  the  Bampur  OoaUField, ^-The  most  important  practical 
feature  of  the  great  tract  of  Lower  Gtondwanas  fringing  the  eastern  side  of  the 
country  treated  of  in  this  paper,  is  of  course  the  oocurrence  of  coal  at  several 
points.  The  thick  carbonaceous  outcrops  of  Korba  are  well  known  as  giving 
promise  of  fairly  good  fuel,  but  the  place  is  still  far  out  of  reach  of  probable 
railway  traffic.  Then,  again,  the  Maud  Valley  gives  very  &vourable  exposures  at 
several  places,  as  in  the  bed  of  the  Bijakharra  stream  already  referred  to,  or  at 
Amaldiha  at  the  northern  end :  only  in  these  cases,  also,  the  present  inaccessibiHty 
of  the  region  is  against  all  prospect  of  development. 

At  the  south-eastern  extremity  of  the  area  however,  within  about  40  miles  of 
Sambalpur,  the  rather  large  field  of  Hingir,  reported  on  so  many  years  ago  by 
Mr.  Ball,^  lies  right  in  the  track  of  the  proposed  Ghhattisgarh  ndlway,  under 
which  circumstance  its  development  becomes  as  it  were  a  necessity.  I  was 
deputed  to  examine  this  field  during  the  season  before  last  with  a  view  to  select- 
ing sites  for  boring,  the  results  of  my  survey  being  given  in  the  Beoords  of 
August  1884  (Vol.  XVII,  p.  123).  An  Assistant  Mimng  Engineer,  Mr.  T.  G. 
Stewart,  already  &vouTably  known  through  his  borings  in  the  Narbada  Valley 

^  Recoidn,  Vlll.  p.  102. 
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and  at  Umaria,  in  8onih  Bewah,  was  then  placed  nnder  my  goidance  by  the 
Central  Proyinces  Oovemment.  I  had  divided  the  rather  large  and  somewhat 
nnapproachable  area  into  several  sections,  the  most  favonrable,  as  far  as  contiguity 
to  the  railway  trace  is  concerned,  being  that  on  the  valley  of  the  Lillari,  partly  in 
Hingir  and  mainly  in  the  Rampor  zemindari ;  and  it  is  on  this  that  the  boring 
exploration  was  commenced  in  what  is  now  officially  designated  the  Bampur  Goal- 
field. 

All  the  sorface  indications  point  to  the  probable  occnirence  of  two  rather 
thick  bands  of  carbonaceons  depositSi  the  lower — some  50  to  60  feet  thick — ^being 
well  displayed  in  the  river  near  the  village  of  Dnrlipali,  while  two  ontcrops  of 
coal  higher  up  the  stream,  about  Bonjari  and  Kuliabahal,  point  to  the  upper ;  and 
as  it  appeared  to  me  that  the  latter  outcrops  are  more  promising  than  that  of 
DnrlipaU,  and  that  it  would  be  possible  to  strike  their  coal  by  bore-holes  within 
a  convenient  distance  of  the  proposed  railway  station  at  Hingir  road,  I  determined 
to  try  this  band  first. 

The  borings  were  selected  near  the  villages  of  Girandola  and  Chowdibahal  on 
what  I  took  to  be — ^for  much  of  the  rock  is  covered  by  superficial  deposits — 
either  the  uppermost  beds  of  the  Barakars  or  the  lower  red-day  zone  of  the 
Kamthis.  As  it  turned  out,  all  the  borings,  six  in  number,  were  started  in  the 
red-clay  zone,  through  a  greater  or  lesser  thickness  of  which  five  of  them  were 
nm  down  into  the  carbonaceons  band  beneath.  Two  of  the  holes  were  abandoned, 
bat  four  were  ran  down  to  depths  varying  from  225  to  287  feet.  These  four 
bore-holes  (Nos.  1,  2a,  3,  and  4)  enclose  a  sort  of  triangular  area  of  about  half 
a  square  mile  in  extent:  No.  1  being  at  the  southern  apex,  No.  3  nearly  a  mile 
dae  west  of  it,  and  No.  2a  being  about  half-way  between  the  two ;  while  No.  4 
lies  more  than  half  a  mile  northward  of  No.  1.  The  dip  of  the  strata  is  low  to 
nortii-westward,  perhaps  just  here  rather  more  to  the  west-north-westward ;  occa- 
sionally, indeed,  it  must  be  quite  flat,  or  nearly  so,  though  it  is  mostly  at  an  angle 
of  from  5**  to  10^.  No.  1  bore-hole  was  nm  down  225  feet  right  through  the 
npper  band  of  carbonaceous  deposits,  or,  at  any  rate,  a  good  part  of  it  which  it 
entered  about  30  feet  from  the  surface  and  left  at  219  feet  when  the  chisel  began 
to  cut  into  white  sandstone.  Three  seams  of  6,  8,  and  4  feet  of  coal,  besides 
others  of  inferior  thickness,  were  met  with  in  this  band;  but  though  the 
samples  brought  up  were  favourable-looking  enough,  laboratory  assay  proved  them 
to  be  quite  unfit  for  railway  purposes.  That  taken  from  the  6-foot  seam,  at  77 
feet  from  surface,  gave  the  following  analysis : — 

Mobtnre lO'OO 

Volatile  matter,  exclusive  of  moisture     ......  24*50 

Fixed  carbon 29*90 

Ash 86*00 


10000 
Does  Dot  cake. 

Ash,  pale-yellowish  brown. 

Another  sample  from  the  8-foot  seam,  at  142  feet  from  surface,  assayed  foot 
by  foot,  gave  the  further  depressing  result. 
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In  ihe  meantime^  that  is,  while  these  assays  were  being  made,  the  other  bore- 
holes were  being  carried  out ;  and  farther  samples  from  them  of  what  appeared 
to  be  the  same  seams  were  discarded  through  showing  no  signs  of  impiovement, 
or  sent  down  to  Calcutta.  Among  them,  the  following  scarcelj  better  result  was 
obtained  from  a  6-foot  seam  in  No.  4,  at  69  feet  from  surface,  the  seam  indeed 
which  appears  to  correspond  to  that  at  77  feet  in  No.  1, 174  feet  in  No.  2a,  and 
183  feet  in  No.  3 ;  in  all  of  which  and  in  the  continuations  of  the  other  seam  of 
No.  1,  we  failed  to  strike  any  better  coal. 

No,  4,  69  feet  from  surface,  seam  6  feet  thick;  foot  hyfoot. 
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There  seems  no  doubt  whatever  but  that  the  upper  6.foot  seam  is  fairly  con- 
stant in  thickness,  and,  unfortunately,  in  quality  also  throughout  the  Krea  tried. 
The  still  lower  seam  of  8  feet  at  143  feet  in  No.  1  hole  appears  also  to  have 
been  struck  at  221  feet  in  No.  2a ;  248  feet  in  No.  3,  and  128  feet  in  No.  4 ;  but 
it  is  not  at  all  so  constant  in  thickness  or  so  even  in  constitution.  The  lowest 
seam  in  No.  I  is  apparently  represented  in  No.  4  by  a  4-foot  seam :  there  is  no  im- 
provement in  quality. 

It  may  seem  rash  to  judge,  from  so  small  an  area  as  that  now  bored,  of  the 
probable  or  possible  condition  of  the  lateral  extension  of  the  seams  so  proved ;  but 
considering,  as  I  do,  that  some  of  them  represent  the  upper  outcrops  on  the  Lilian 
river,  I  think  I  am  justified  in  arguing  concerning  their  condition  from  a  really 
much  larger  area  than  that  merely  included  within  the  three  comers  actually 
tested ;  and  so  from  what  they  and  these  outcrops*show,  and  from  what  I  have 
seen  of  the  rocks  round  the  eastern  skirts  of  the  Hingir  plateau,  the  conclusion  is 
forced  upon  me  that  there  is  no  fair  ground  for  hope  that  the  seams  of  this  upper 
band  of  carbonaceous  deposits  can  improve  laterally  or  to  the  deep  within  a  work- 
able depth  (for  Indian  collieries)  in  this  Lillari  section  at  any  rate. 

There  still  remains,  however,  what  may  be  a  considerable  thickness  of  Bara- 
kars  between  the  horizon  now  reached  and  the  lower  band  of  Durlipali,  in  which 
there  may  be  workable  seams ;  and  this  must  now  be  searched.  For  instance,  the 
horisontal  interval  of  country  between  the  Bonjari  outcrop  and  that  of  Durlipali 
is  a  long  one,  fuUy  2  miles,  which,  if  the  lie  of  the  strata  be  at  all  regular  and 
constant,  would  at  so  low  an  average  angle  as  8^  give  1,450  feet  of  rock.  At  the 
same  time,  from  all  that  can  be  seen  of  the  behaviour  of  the  rocks  in  the  neigh, 
bourhood,  the  indications  seem  to  favor  the  conclusion  that  there  cannot  be  such 
a  great  thickness :  and  that  the  Durlipali  band  is  carried  under  the  Bonjari 
horizon  at  a  somewhat  lesser  depth  by  an  anticlinal  or  arched  wave  of  the  strata. 
It  is  possible,  therefore,  that  an  idea  of  the  quality  of  any  lower  seams  will  be  as* 
certained  by  the  new  bore-holes  at  a  lesser  distance  south-eastward  of  the  now 
proved  tract  than  the  interval  and  apparent  dip  would  imply. 

Deccan  Trap  Series. 

The  coarse  pale-colored  upper  member  of  the  Kamthis  in  the  Phutka  hill  majBS 
and  the  high  plateaus  on  the  edge  of  the  Sirgujah  upland  were  pared  down  by 
denudation  to  a  tolerably  even  surface  on  wliich  the  basalts  of  the  Deccan  trap 
period  were  subsequently  laid  down.  Only  small  remnants  of  this  basaltic  covering 
now  exist  in  the  area  under  consideration,  and  these  are  entirely  separated  by  a 
long  interval  of  crystallines  from  the  great  connected  area  of  this  formation,  the 
eastern  extremity  of  which  is  at  Amarkantak.  Mr.  Ball  had  already  mapped 
in  some  of  the  basalt  cappings  of  the  plateaus  around  Matringa,  and  I  have  added 
to  these:  he  also  noted  the  occurrence  of  trap  dykes  about  Am^MiVia  and 
Bakhob  at  the  head  of  the  Mand  valley.  The  trap  cappings  are  not  very  thick, 
50  or  60  feet  at  the  most,  but  they  consist  also  to  a  certain  extent  of  laterite 
the  true  relation  of  which  to  the  basalt  is  not  clear  and  must  be  worked  out 
perhaps  on  the  larger  plateaus,  such  as  the  Main  Pat  immediately  to  the  east- 
ward of  the  Matringa  valley.     So  far  as  I  could  ascertain,  the  upper  portions  of 
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the  cappings  are  either  laterite  altogether,  or  only  partly  so ;  and  from  what  I 
have  seen  of  the  laterite  on  the  edge  of  the  Mandla  and  Amarkantak  plateau, 
it  certainly  seems  to  me  that  the  rock  here  is  in  both  regions  veiy  often,  if  not 
altogether,  a  lateritized  form  of  weathered  or  decomposed  baaalt  or  other  volcanic 
rocks. 

The  higher  portions  of  the  Phntka  range  were  not  traversed  in  any  detail, 
so  that  I  am  not  snre  whether  some  of  them  may  not  be  capped  by  basalt ;  bnt  in 
the  general  absence  of  trap  debris  in  the  valleys  I  shonld  question  whether  there 
be  any  of  much  importance.  At  the  same  time  I  know  of  a  few  cappings  which 
are  apparently  altogether  lateritic. 

The  trap  dykes  cntting  along  and  np  through  the  Gondwanas  of  the  valleys 
and  slopes  are  marvellous  in  their  length  and  the  height  to  which  they  ran  np 
the  lofty  slopes  into  what  appears  to  be  absolute  contact  with  the  basalt  cappings. 
My  observations  of  the  junctions,  owing  to  illness  and  lateness  of  the  season,  do 
not  unfortunately  possess  that  accuracy  required  for  the  complete  settlement  of  the 
question  of  junction,  the  bearings  of  which  on  the  question  of  the  fissure  eruption 
mode  of  dischajge  of  part  at  least  of  the  great  Deccan  flows  is  of  the  greatest  im. 
portance.  Nevertheless,  I  am  inclined  to  be  almost  positive  that  the  great  dyke 
striking  about  west-north-west— east-south-east  past  Lemru,  in  IJprora,  does 
actually  cut  right  up  through  the  Sumhaulata  hill  (over  3,000  feet)  into  junction 
with  its  basaltic  cap.  Again,  in  the  Stnmp  hill  of  the  same  group,  the  capping 
trap  certainly  appears  to  be  in  junction  with  a  g^reat  buttress  of  similar  rock  stand- 
ing out  in  clear  relief  from  the  lofty  sandstone  scarp  on  the  eastern  face,  the 
buttress  being  also  apparently  continuous  with  a  run  of  trap  outcrops  on  the  spur 
leading  down  to  the  Amaldiha  dykes. 


Befport  on  the  Bengal  Earthquake  of  July  14^%,  1885,  hy  C.  S.  Middlsmiss,  B.A., 

Qeological  Survey  of  India. 

A  preliminary  account  of  this  earthquake,  by  Mr.  H.  B.  Medlicott,  Direc- 

tor  of  the  Geological  Survey,  has  already  appeared  in  the 
preceding  number  of  the  Records,  briefly  setting  forth 
what  inferences  could  be  drawn  concerning  it  from  such  information  as  was  then 
at  hand.  Since  then,  from  data  personally  gathered  on  the  spot  in  the  region 
of  greatest  violence,  and  from  all  available  newspaper  reports,  I  am  able  to  put 
the  following  facts  and  deductions  on  record. 

Taking  its  rise  in  Bengal,  this  earthquake  of  the  14th  July  was  felt  with  vio- 
lence throughout  that  province.  It  extended  westwards 
into  Chota  Nagpur  and  Behar,  northwards  into  Sikhim 
and  Bhutan,  and  eastwards  into  Assam,  Manipur  and  Burmah.  The  area  over 
which  it  was  sensibly  felt  may  be  roughly  laid  down  as  230,400  square  miles. 
An  irregular  ellipse  drawn  through  Daltongunge  (in  Palamow),  Durbhanga(in 
Behar),  Darjeeling,  Sibsagar,  Manipur  and  Ghittagong  will  give  the  external 
boundary  of  that  area.  Within  this,  again,  another  irregular  figure  may  be  drawn 
through  Galcutta,  Sitarampur,  Monghir,  Pumeah,  Siligori,  the  Garo  hills, 
Chattack  and  Barisal,  which  will  enclose  an  area  over  which  the  shock  was  felt 
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with  such  considerable  violence  as  to  shake  loose  objects,  rattle  windows,  aud 
produce  small  cracks  in  double-storied  houses.  Finally,  we  have  another  figure 
within  this  bounded  by  Bampur,  Bogra,  Sherpur  (Maimensing  District),  Mai- 
mensing,  Dacca  and  Pubna,  where  destruction  to  buildings  is  greatest  and  loss 
of  life  has  occurred. 

I  shall  now  proceed  to  describe  the  results  of  an  examination  of  the  last-men- 
tioned district,  where  it  was  hoped  that  some  reliable  data  would  be  obtained, 
judging  by  the  accounts  of  fallen  chimneys,  and  fissured  houses  which  had  ap- 
peared in  the  newspapers. 

It  is  of  course  unnecessary  for  the  purposes  of  a  scientific  journal  to  enter  iu- 

„     ,       ,    -    , .  to  lengthy  accounts  of  damage  to  property  and  demolished 

Treatment  of  Bubject.        .  ^  ^^  x      j  x       uwi.  x  i  v 

towns,  however  gpreat  and  terrible  that  loss  may  be  ;  con- 
sequently it  will  readily  be  understood  that  such  objects  as  are  mentioned  below 
are  not  chosen  because  of  their  size  or  magnificence,  or  because  of  the  lakhs  of 
rupees  represented  in  their  ruins,  but,  solely  because  either  from  their  form,  posi- 
tion, or  from  some  other  accidental  circumstance,  they  best  illustrate  those  points 
iu  connection  with  the  earthquake  which  are  of  the  greatest  use  to  the  scientific 
investigator. 

In  an  examination  of  a  country  devs^tated  by  an  earthquake,  there  is  sure  to 
he  a  great  deal  of  evidence  which  at  first  sight  appears  to  be  contradictory,  partly 
because  of  complications  in  the  structure  of  the  objects  from  which  such  evidence 
is  taken,  and  partly  because  of  the  refiections  and  refractions  of  the  earth  wave, 
which  hinder  in  some  degree  the  search  after  the  true  centre  of  disturbance. 
And  on  the  other  hand,  certain  classes  of  objects,  such  as  chimney-stalks,  towers, 
temples,  and  tombs,  by  their  form  and  isolation,  are  evidently  much  better  suited  for 
observation  than  complicated  double-storied  houses  with  verandahs  and  innumer- 
able doorways,  windows  and  arches.  For  this  reason,  I  shall  divide  the  series  of 
examples  of  the  effects  of  the  earthquake  into  two  groups ;  the  first  of  which  will 
comprise  all  the  more  trustworthy  cases,  and  the  second  those  of  a  more  doubtful 
value,  together  with  certain  exceptional  phenomena. 

{I), '^Examples  of  first  importance. 

On  arriving  at  Serajganj,  I  found  it  to  be  one  of  the  towns  which  have  suf- 
Chimney-stalks  of  the     ^©rred  very  severely  from  the  earthquake.     It  may  not  be 
Serajganj    Jnte     Com.      out  of  place,  for  the  benefit  of  foreign  readers,  to  briefly  state 
^^^'  that  the  native  town  and  the  European  houses  in  Eastern 

Bengal  are  both  built  on  two  entirely  distinct  plans,  and  with  entirely  difEerent 
niaterials.  One  style  of  house  is  single-storied,  erected  by  driving  roughly-shaped 
tree  trunks  or  wooden  posts  into  the  ground,  filling  in  the  interspaces  with  split- 
bamboo  mats,  and  throwing  a  highly-pitched  thatch  roof  on  to  bamboo  rafters ; 
the  whole  of  the  latter  being  held  in  position  by  means  of  ropes  and  thongs  at- 
tached to  the  main  posts.  These  bamboo  grass  houses  are  well  calculated  to  stand 
the  stresses  due  to  an  earthquake  shock  on  account  of  their  ready  pliability.  The 
other  kind  of  house,  though  differing  architecturally  according  as  it  is  of  native 
or  European  design,  agrees  in  having  brick  walls,  frequently  raised  to  two,  and 
sometimes  to  three,  stor       covered  with  plaster  or  stucco,  and  usually  bearing  a 
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heavy  solid  flat  roof  of  brick  and  cement  snrrounded  hj  a  parapet.  These  bouses 
have  all  been  badly  rent,  sometimes  beyond  repair,  or  even  ruined.  There  is  also 
occasionally  a  kind  of  house  which  partakes  of  both  the  above  described  strles, 
having  brick  walls  and  a  thatch  roof,  and  there  are,  in  addition,  many  huts  of  dry 
mud  and  thatch  belonging  to  the  poorer  natives.  Both  these  kinds  have  snffered 
very  much,  for  the  former,  whilst  possessing  all  the  defects  of  unpliable  walls,  h&s 
none  of  the  advantages  of  a  strong  flat  roof  to  tie  them  together,  and  the  latter 
of  course  readily  cracks  and  crumbles  on  account  of  its  material  lacking  coherency. 

Most  of  the  Europeans  at  Serajganj,  which  is  a  very  small  station,  had  left 
their  solid-built  dwellings,  and  were  living  in  bamboo  houses  and  offices.  The 
former  were  too  much  split  to  allow  of  remaining  in  them  with  safety,  especially 
as  repetitions  of  small  shocks  daily  indicated  that  the  disturbing  forces  at  work 
below  were  not  yet  in  a  state  of  complete  equilibrium.  I  shall  return  to  the 
house  cracks  later  on,  at  present  dealing  only  with  the  chimneys. 

The  two  chimneys  of  the  jute  works  (see  figure  1,  which  is  reduced  from  the 
original  plans,  kindly  lent  me  by  Mr.  AUister  Macdonell,  the  owner  of  the  inill]t 
were  both  broken  by  the  earthquake.  The  heights  of  the  mill  and  factory  chim- 
neys were  135  feet  and  95  feet  respectively ;  and  40  feet  from  the  summit  of  the 
larger  and  11  feet  from  the  smaller  were  shot  away. 

Mr.  Robertson,  the  manager,  was  fortunately  an  eye-witness  from  a  position 

between  the  chimneys  at  the  time  of  the  earthquake,  and 
he  asserts  that  there  seemed  to  be  a  sudden  thrust  from 
below,  by  which  the  upper  part  of  the  south  chimney  was  first  shattered,  and 
jerked  off ;  and  for  some  time  a  shower  of  bricks  and  mortar  continued  to  fall  all 
round  the  base.     A  moment  after  the  large  chimney  had  gone,  the  factory  chim- 
ney to  the  north  was  affected  in  exactly  the  same  way ;  its  upper  part  being 
jerked    off  into  the    air,   and  a  shower  of  bricks    subsequently     descending 
from  the  broken  edges.     If  these  impressions  are  to  be  relied  on,  two  points 
of  importance  come  out,  (1)  that  the  earthquake  wave  with  a  steep  angle  of 
emergence  shot  away  the  upper  parts  of  the  chimneys  by  its  first  and  second 
semiphases   combined,  but  was  unable  to  overturn  them  as  wholes,  because  of 
their  flexibility,  which  would   considerably  relieve  the  strain,   and  because  of 
their  breaking  above,  which  would  further  ease  them ;  and  (2)  if  the  south 
chimney  was  the  first  to  fall — and  there  seems  no  reason  why  a  very  slight 
difference  in  the  order  of  breaking  should  not  have  been  appreciable  by  the 
eye — then  it  is  clear  that  the  shock  must  have   come  from  some  point  generally 
speaking  towards  the  south :  it  is  in  fact  easy  to  demonstrate  that  the  difference 
in  time  of  the  anivals  of  the  shock  at  the  two  chimneys  would  have  been  appre- 
ciable.    For  the  chimneys  are  338  feet  apart,  lying  very  nearly  north  and  south : 
now  Mallet  gives  825  feet  per  second  as  the  rate  at  which  a  wave  of  elastic  com- 
pression  travels  through  sand,  and  though  the  soil  at  Serajgunj  is  clay  and  sand 
combined,  it  would  certainly  not  be  a  much  higher  rate  than  this.     Hence  about 
^ths  of  a  second  would  have  been  consumed  in  travelling  between  the  chimneys,  a 
period  of  time  well  above  what  can  be  detected  by  the  eye.     In  reality,  however, 
some  small  reduction  on  this  value  must  be  made  on  account  of  the  probable 
direction  of  the  shock  being  something  east  or  west  of  south,  a  condition  which 
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would  haye  diminished  the  time  occupied  by  the  wave  in  trayelling  between  the 
chimneys. 

I  now  come  to  my  own  observations  of  the  ruins.     The  large  chimney,  the 

.  only  one  which  had  been  in  use  for  some  time,  I  found  had 

Mt  own  observations.         .,  'ii*i  '^ti        i*  ^ii  I'l 

been  nastily  repaired  by  knocking  away  the  loose  bncks 

at  the  top  and  putting  on  a  temporary  coping.     The  old  factory  chimney  had 
been  left  untouched  while  this  work  was  going  on,  and  I  could  examine  every- 
thing in  the  state  just  as  it  was  immediately  after  the  earthquake.     The  broken 
surface  I  found  was  exceedingly  jagged  and  irregular,  with  its  highest  part 
towards  the  north-west,  a  feature  agreeing  in  every  way  with  the  statement 
of  Mr.  Robertson,  that  the  edges,  during  the  secondary  vibrations,  crumbled  away, 
and  not  by  any  means  presenting  the  appearance  of  a  clean  cut  fracture.     From 
photographs  of  the  large  chimney,  I  was  able  to  see  that  its  original  state  before 
the  repairs  was  very  much  the  same  as  that  of  the  small  chimney.     On  the  other 
hand,  at  about  middle  height  of  the  chimney,  there  was  a  very  distinct  crack, 
showing  on  the  east-north-east  and  north-north-east  faces  of  the  factory  chimney 
which  is  an  octagon  in  section.     The  crack  was  such  that,  roughly  speaking,  it 
might  have  been  made  by  a  plane  of  fissuring,  which  for  convenience,  and  in  con- 
formity with  geological  nomenclature,  we  may  speak  of  as  "  dipping  "  towards  the 
north-west.     The  same  was  observable  in  the  mill  chimney.     The  angle  of  dip 
would  be  steep,  perhaps  CO^,  but  owing  to  the  great  height  of  the  chimneys,  a 
reliable  observation  could  not  be  made.    An  examination  of  the  debris  around  the 
base  of  the  factory  chimney  brought  out  many  points  of  interest,  and  corroborat- 
ed the  account  of  Mr.  Robertson.     I  found  the  ground  so  covered  was  elliptical 
in  shape  (see  fig,  2),  with  its  long  axis  running  north-40^. west  and  south-40^-east ; 
hnt  whilst  in  the  former  direction  the  fragments  extended  29  feet  from  the  base, 
in  the  latter  they  only  extended  25  feet,  showing  that  the  mass  of  the  material 
had  gone  over  towards  the  north-west.    And  besides,  there  was  a  very  conspicn- 
ons  difference  in  the  nature  of  the  fragments  on  either  side.     Towards  the  north- 
west, the  broken  parts  of  the  chimney  were  to  some  extent  coherent  in  them- 
selyes,  being  made  up  of  groups  of  20,  30,  or  40  bricks  still  showing  traces  of  the 
shape  of  the  walls ;  but  in  the  opposite  direction  nothing  but  individual  bricks, 
and  fragments  of  bricks  could  be  found.    Again,  towards  the  north-west,  some 
2  or  3  feet  from  the  outermost  edge  of  the  debris,  we  came  npon  the  broken 
remains  of  the  iron  coping.     Thus  we  have  very  clear  evidence  from  the  ruins, 
that  the  mass  of  the  broken  part  of  the  chimney,  together  with  the  iron  coping, 
fell  in  the  direction  north-40®-west,  whilst  only  bricks  and  mortar,  loose  or  broken, 
fell  towards  the  8outh-40®-ea8t.     The  mill  chimney,  though  not  so  adapted  for 
obseryations  on  account  of  the  debris  having  been  cleared  away,  nevertheless 
gave  some  information  from  the  circumstance  that  in  falling,  the  broken  part  had 
crashed  through  the  workshop  roof  and  parapet.     As  in  the  preceding  case  the 
area  of  the  debris,  or  marks  of  the  debris,  was  elliptical,  but  with  the  long  axis 
ranning  in  this  case  nearer  north-north-west  and  south-south-east,  though  these 
directions  were  not  got  so  satisfactorily  as  in  the  case  of  the  factory  chimney. 
Here,  too,  the  broken  roof  showed  that  the  fall  had  been  much  greater  towards 
the  north-north-west ;  for  up  to  a  distance  of  32  feet  from  the  chimney  the  roof 
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was  broken-in  in  that  direction,  whilst  in  the  opposite  one  the  bricks  were  only 
scattered  on  the  ground  1 7  feet  from  the  base  of  the  chimney.  The  iron  coping 
in  like  manner  was  fonnd  towards  the  north-north-west,  in  a  position  pointed  ont  to 
me  by  the  manager,  where  it  had  penetrated  throngb  the  roof  into  the  workshop. 
Now  putting  these  colligated  facts  together  with  the  statement  of  Mr.  Robert- 
p.  ,    ..  son,  we  may  from  them  draw  the  safe  conclusion  that  the 

shock  came  from  the  direction  south-east  or  south-south- 
east, and  shot  the  bulk  of  the  broken  part  of  the  chimneys  over  towards  the 
north-west  or  north-north-west. 

The  cracked  condition  of  these  form  the  next  piece  of  evidence  which  I  place 

among  those  of  first  importance.     They  are  small  Hindu 

^0&*di«?ric7.r        ^^^^^  to  ^^^  god  Siva,  octagonal  in  shape,  the  height 

being  usually  two  or  three  times  the  diameter;  and  either 
entirely  isolated,  as  the  one  shown  in  fig.  3,  or  with  sometimes  a  porch  on  one 
side.  In  every  way  they  were  good  subjects  for  observing  the  direction  of  the 
cracks,  for  their  solidity  and  symmetry  prevented  the  fissures  from  being  in- 
fluenced by  any  pre-disposing  lines  of  weakness.  The  diagram,  fig.  3,  shows  the 
general  appearance  of  a  couple  of  cracks  in  one  of  these  temples.  They  were 
exceedingly  well-cut  fissures,  and  discernible  at  a  good  distance.  The  dip  of  the 
fissuring  plane  was  45^  north-west.  In  two  more  examples  of  temples  of  the  same 
build  and  size,  except  that  a  porch  was  attached  to  one,  I  found  fissure  planes 
respectively  dipping  west-north-west  at  55®  and  60^.  Attaching  a  little  more 
•value  to  the  evidence  of  the  first  temple,  inasmuch  as  it  was  more  decidedly  rent 
than  the  others,  we  may  take  as  relative  means  north-50°-westforthe  direction, 
and  50®  for  the  angle.  From  these  we  get  south-50®-ea8t  as  the  direction  from 
which  the  earthquake  shock  came,  and  40®  as  the  angle  of  emergence  at  that 
place.  Besides  the  temples,  there  were  some  good  examples  of  house  corners  shot 
away,  generally  in  a  north-west  direction,  the  fissure  plane  making  an  angle  of  55® 
with  the  horizon  in  some  places ;  but  as  a  rule  among  the  100  destroyed  houses 
at  Sherpur,  the  collapse  was  so  complete,  owing  in  a  great  measure  to  the  build- 
ings being  old,  that  neither  directions  nor  angles  could  be  obtained.  Since 
Sherpur  lies  to  the  north-west  of  Serajganj,  we  may.  take  it  that  the  observa- 
tions there  corroborate  the  truth  of  the  conclusions  drawn  from  the  jute  works' 
chimneys,  whilst  in  addition  we  get  a  rough  estimate  of  the  angle  of  emergence 
for  the  alluvial  soil  of  Sherpur ;  though  this,  it  must  be  remembered,  will 
probably  be  steeper  than  the  real  angle  owing  to  refraction  in  passing  from  the 
highly  elastic  solid  rock  to  a  clay  stratum  of  very  low  elasticity. 

Hearing,  when  at  Maimensing,  that  a  tomb  had  fallen  in  the  Jamalpur  oeme- 

teiy,  a  report  considerably  qualified  by  the  fact  that  an 
order  had  been  issued  for  it  to  be  cleared  away,  I  hasten- 
ed to  that  place,  and  fortunately  arrived  before  the  order  had  been  carried 
out.  It  was  a  small  cemetery,  containing  some  ordinary  graves,  and  this  one 
large  tomb,  erected  in  1837  to  Anne,  the  wife  of  Major  Cox  of  the  58th  N.I.  The 
erection  consisted  of  the  tomb  proper,  a  rectangular  raised  sarcophagus,  surround- 
*5.d  by  eight  pillars  in  a  circle,  and  covered  by  a  hemispheroidal  dome,  or  canopy. 
The  whole  was  built  of  brick  and  stucco^  and  represents  a  common  form  of  tomb 
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in  Eastern  Bengal  cemeteries  (see  fig.  5).  The  appearance,  when  T  saw  it,  was  as 
shown  in  fig.  6  ;  the  pillars  had  all  fallen  in  one  direction,  and  split  np  into  yarions 
lengths ;  whilst  the  great  heavy  canopy  had  fallen  towards  the  sonth-lO^^-east, 
and  coming  into  violent  collision  with  the  low  wall  of  the  cemetery,  had  split  into 
several  pieces,  some  of  which  fell  into  the  road  beyond,  and  the  rest  lay,  partly 
on  the  foundation  base,  and  partly  on  the  ground  between  it  and  the  wall.  The 
tomb  itself  was  uninjured,  except  at  the  upper  comers,  doubtless  by  the  canopy 
just  grazing  it  as  it  fell.  A  glance  at  the  elevation,  and  the  overthrown 
state,  will  at  once  illustrate  the  manner  of  its  fall.  The  weight  of  the  massive 
canopy,  and  the  slendemess  of  the  pillars,  make  it  clear  that  the  inertia  of  the 
upper  part  of  the  mass  was  sufficient  at  the  time  of  the  earthquake  to  prevent  it 
moving  along  with  the  pillars,  and  consequently  the  tomb  fell  in  the  direction 
from  which  the  shock  came. 

The  following  are  the  dimensions  of  the  parts  and  adjuncts  of  the  tomb, 
gathered  from  the  ruins  themselves : — 

Base,  12  feet  10  inches  square ;  9  inches  thick.     One  side  faces  north-3''-oast. 

Tomb  proper,  length  from  east  to  west  4t  feet  4^  inches ;  breadth  3  feet  4^ 
inches ;  Height  from  base  6  feet. 

Pillars  (8),  6  feet  10  inches  high ;  1  foot  8  inches  in  diameter. 

Stone  capital  on  each  pillar,  2  inches  thick. 

Circle  of  pillars,  diameter  of  outer  edge  11  feet  4  inches,  equal  to  diameter  of 
canopy. 

Height  of  hemispheroidal  canopy  5  feet  8  inches ;  thickness  1  foot  7  inches. 

I  shall  discuss  the  figures  later  on  in  their  bearings  on  the  velocity  of  the 
wave  particle,  together  with  the  data  afforded  by  the  chimneys  at  Serajganj,  at 
present  merely  drawing  attention  to  the  fact  that  the  line  of  the  shock,  north- 10^- 
west  and  south-lO^-east,  when  laid  down  on  the  map,  is  seen  to  cut  the  line  from 
Serajganj  at  a  point  between  Dhamra  and  Atia,  on  the  south- west  side  of  the 
Madhapur  jungle.    This  gives  us  approximately  the  position  of  the  seismic  vertical. 

This  example  is  put  with  those  of  first  importance,  because  the  nature  of  the 

construction  was  such  as. to  favour  overthrow  by  reason 

^chiT^'"^^^"^'     ^^  ^^  ^^®^^  5  *^^  notwithstanding  the  fact  that  the  con- 

elusions  which  may  be  drawn  from  it  contradict,  in  some 
degree,  those  previously  arrived  at.  The  arch  is  a  brick  and  stucco  arrangement, 
and,  as  will  be  seen  from  the  diagram  (fig.  7),  very  problematiccJ  in  its  uses,  since 
it  supports  nothing  whatever.  There  is  a  duplicate  one  some  30  or  40  yards 
away,  and  both  open  into  a  garden  belonging  to  a  local  zemindar.  As  both  have 
been  affected  similarly  a  description  of  one  will  be  sufficient.  The  gateway  faces 
soutb-13^-east,  and  when  I  saw  it  the  arcb  had  been  cut  clean  off  on  a  level  with, 
the  top  of  the  gate-spikes.  The  fragments  wore  piled  in  a  heap  on  one  side, 
but  from  the  freshly  patched  indents  on  the  cement  pathway,  and  from  the  broken 
spikes,  it  was  evident  that  the  falling  arch  was  not  displaced  horizontally  to  any 
great  extent  in  a  direction  at  right  angles  to  the  gate ;  but  that,  probably  snap- 
ping into  two  or  more  fragments,  it  dropped  nearly  vertically  down  on  to  the  gate 
spikes,  but  with  sufficient  leaning  towards  the  south  side  to  turn  all  the  fragments 
in  tbat  direction.     The  indents  however  were  not  situated  midway  between  the 

gate  posts,  but  more  towards  the  east  thaai  west,  showing  that  the  shock  was  not 
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orthogonal  to  the  plane  of  the  arch.  From  the  gate  facing  south-lS^-east,  and  the 
obliquity  of  projection  of  the  fragments,  we  must  look  for  the  destroying  force  in 
a  south-east  direction.  But  Muktigarchia  stands  nearly  north-north-east  of  the 
seismic  vertical  already  obtained  on  the  best  evidence ;  and  the  only  way  for  the 
apparent  contradiction  to  be  reconciled  is  either  by  the  assumption  of  another 
minor  centre  of  disturbance  south-east  of  Muktigarchia,  or  of  a  reflected  wave. 
This  was  one  of  a  kind  similar  to  those  mentioned  at  Sherpur,  but  slightly 

more  lofty,  *.e.,  a  Hindu  shrine  to  Siva,  octagonal  in  form 
and  with  a  conical  apex.  A  fine,  but  perfectly  distinct 
crack,  was  discovered  cleaving  through  the  lower  story.  Viewed  from  the  inside 
where  it  was  seen  better,  the  highest  point  of  the  crack  was  seen  to  be  at  the 
south-south-west  angle.  Hence  the  Assuring  plane  would  dip  towards  the  north- 
north-east.  The  angle  was  low,  about  35^.  This  gives  a  direction  for  the  shock 
Bouth-south-west,  and  a  very  high  angle  of  emergence.  The  direction,  when  laid 
down  on  the  map,  is  seen  to  cut  the  point  already  obtained  as  the  seismic  vertical* 
It  should  be  mentioned,  however,  that  a  heavy  brass  water- vessel,  threaded  on  an 
iron  rod,  which  forms  an  omamefat  for  the  summit  of  the  conical  roof,  was  bent 
over  towards  the  south-east  at  an  angle  of  about  60"  with  the  horizon.  It  was 
prevented  from  falling  by  a  heavy  chain  attached  to  it,  and  which  hung  down 
from  the  roof  in  the  interior  of  the  temple.  I  was  unable  to  learn  whether  the 
ornament  was  free  to  turn  on  its  base,  as  on  a  pivot,  or  not,  and  so  the  value  of 
the  direction  here  indicated  is  lessened  by  the  doubt  that  it  might  have  had  a 
rotatory  motion  given  to  it,  and  eventually  have  settled  into  its  present  position 
quite  irrespective  of  the  direction  of  the  shock. 

This  brings  to  a  conclusion  my  examples  of  the  first  order  of  importance. 
Those  of  secondary  importance,  and  some  few  exceptional  phenomena,  will  be  now 

described. 

{IT)^ — Exa/mples  of  secondary  tmporfance. 

The  mill  being  a  rectangular    building,    with  one   wall  facing  externally 

towards   the  south-68"-east,  it  will  readily  be  seen  that 
Jnto  WoX^"*  8«»ig*"i      the  direction  of  the  earthquake  shock,  as  obtained  from 

the  chimneys,  was  very  nearly  diagonal  with  regard  to 
the  four  main  walls  of  the  building.  It  is  probably  due  to  this  circum- 
stance, and  to  the  fact  that  iron  tie-rods  are  used  throughout  to  bind  the  walls 
together,  that  comparatively  little  damage  has  been  done ;  though  it  should  not 
be  overlooked  that  a  mill,  with  the  jar  of  machinery  constantly  throwing  every 
wall  into  a  state  of  tremor,  would  be  much  more  likely  to  stand  an  ear^qnake 
tremor  than  any  other  building  that  was,  so  to  speak,  not  so  accustomed  to  vibra- 
tions of  its  parts.  Such  damage  as  has  been  done  is  just  in  the  position  we  should 
■  expect.  From  the  circumstance  that  the  shock  was  diagonal  to  the  main  walls, 
we  may  imagine  it  resolved  into  two  equal  component  shocks,  each  at  right-angles 
to  one  set  of  parallel  walls,  and  each  doing  about  the  same  amount  of  damage. 
But  whereas  the  east-south-east  and  south-south-west  walls  *  are  those  which 
would  tend  to  be  driven  inwards  by  the  shock,  and  would  be  supported  by  the 
neighbouring  walls  to  a  large  extent,  the  north-north-east  a^d  west-north-west 
walls  being  respectively  driven  outwards  by  the  shock,  and  having  no  walls  in 

>  N.B. — Eaflt-iouth-east  wall  means  a  wall  facing  east-south-eaat. 
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that  direction  to  support  them,  it  is  more  than  probable  that  they  would  be  tbe 
ones  to  crack.  An  examination  of  the  building  shows  that  this  has  been  the  case. 
The  north-north-east  wall,  between  the  mill  and  the  factory,  but  quite  unconnected 
with  tbe  latter,  and  so  unsupported  by  it,  has  a  line  of  crack  near  its  junction  with 
the  roof  running  the  whole  length  of  the  building  ;  whilst  on  the  west-north  west 
side  of  the  mill,  the  wall  between  it  and  the  '  softening-room '  is  also  cracked  for 
about  half  its  length.  Another  parallel  wall,  east-south-east  of  the  '  baling-house,' 
in  connection  with  the  mill,  has  similarly  started  a  crack,  which,  dipping  at  an  angle 
of  50^,  penetrates  the  line  of  arches  ranning  down  the  centre  of  the  said  room,  and 
this  is  crossed  by  another,  parallel  in  strike,  but  dipping  at  right  angles  to  it. 

I  take  this  as  another  example  of  wall  cracks,  partly  because  it  is  the  largest 

house  in  the  station,  and  has  been  the  most  decisively 
SeJI[^i!^''°^^^'"^'''^'     cracked;  and  partly  because,  unlike  the  null,  it  lay  with 

its  walls  fronting,  or  at  right-angles  to  the  direction  of  the 
shock,  and  well  exemplifies,  both  in  the  direction  and  magnitude  of  the  cracks,  how 
much  more  severely  a  house  thus  lying  is  shattered,  than  one  lying  diagonal  to  the 
shock.  There  is  no  impediment  in  this  case  to  the  house  freely  rocking  to  the 
shock,  but  the  momentum  thus  accumulated  becomes  fraught  with  great  danger 
on  account  of  the  unpliability  (practically  speaking)  of  the  walls  in  such  struc- 
tures. The  house  is  a  double-storied  one,  in  the  Calcutta  style,  with  a  lower  and 
upper  verandah  facing  south-52^-east.  As  in  all  cases  of  double-storied  houses, 
the  upper  part  has  been  the  most  damaged;  for  such  rents  as  go  completely 
through  the  house  from  top  to  bottom,  are  wider  above  than  below,  and  there  are 
many  others  which  only  penetrate  through  the  upper  story,  and  then  die  away. 
The  main  cracks  are  best  seen  in  plan  on  the  flat  roof  for  this  very  reason ;  and  I 
may  here  state  that  every  house  which  I  subsequently  saw  of  this  iype,  and  which 
lay  at  right-angles  to  the  shock,  or  very  nearly  so,  has  four  types  of  cracks  as  seen 
on  the  roof.  There  is  first  of  ail  the  verandah  crack,  dividing  the  verandah  from 
the  house,  and  usually  the  worst,  inasmuch  as  it  takes  its  origin  along  a  very  con- 
spicuous line  of  weakness.  On  the  opposite  side  there  is  usually  the  portico  crack, 
in  a  similar  way  starting  along  a  Hne  of  weakness.  Thirdly,  there  is  the  main 
crack,  near  the  centre  of  the  house  (see  diagram,  fig.  8),  usually  the  most  reliable, 
cutting  like  a  knife  through  parapet,  pillar  and  roof,  and  rending  the  house  from 
top  to  bottom.  Lastly,  there  are  some  few  corner  cracks  at  right-angles  to  this. 
Such  are  the  cracks  in  Mr.  Macdonell's  house.  When  their  projections  are  traced 
on  the  vertical  side- walls,  all  but  the  verandah  crack  are  seen  to  dip  about  60^  north- 
52^- west  in  their  upper  parts,  but  lower  down  they  usually  wander  more  irregular- 
ly along  windows  and  doorways,  finally  branching  in  various  directions  at  a  vSry 
low  level  where  the  momentum  of  the  moving  walls  would  have  been  less. 

A  tower,  about  24  feet  high,  built  above  the  stables,  was  also  cracked  in  the 
same  direction,  the  angle  being  about  55^. 

Of  other  houses  in  the  station,  mention  may  be  made  of  the  Joint  Magistrate's, 
J  •  f«»  ^  1,  which  lay  even  more  in  the  direct  line  of  the  shock  than 

^^  '     the  previous  one,  the  verandah  facing  south-40^-eafit.     It 

was  a  single-storied  house  with  brick  and  plaster  walls,  but  with  a  thatch  roof. 
It  had  accordingly  suJSered  very  severely,  the  main  crack  and  verandah  crack 
dipping  north-40*'-west  with  an  angle  of  about  70.® 
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A  single-storied  house  witb  flat  solid  roof  and  solid  walls  sliowed  as  many  as 

three  main  cracks,  and  a  verandah  crack  in  plan  on  the 

Mr.  MoUi§on'«  hoiue.  ^        j  i       •  mi_     i.  _^i_       j 

roof,  and  several  minor  ones.     The  honse  was  north  and 

sonth ;  and  the  cracks  dipped  slightly  west  of  north.  They  were  vertically  inclined 
near  the  verandah,  bnt  in  the  other  direction  gradually  assumed  an  angle  of  60 
or  70.** 

Several  native  gentlemen's  houses  were  also  shattered,  but  with  one  exception 

gave  no  fresh  data.     This  exception,  which  is  rather  an  old 
house,  is  double-storied,  and  faces  south-lS^-west    The 
shock  came  diagonally  upon  it,  and  shot  away  one  comer  by  a  plane  of  fissuring, 
dipping  north-32®-we8t  in  an  irregular  manner. 

At  Subomkholi  and  Muktigarchia,  though  some  houses  were  cracked,  and  a 
small  chimney  stalk  rent  near  the  summit,  there  was  nothing  which  afforded  safe 
evidence.  In  like  manner  an  inspection  of  the  Rajah's  palace  at  Muktigarchia, 
which  has  suffered  terribly  by  the  earthquake,  on  account  of  its  peculiar  constrac- 
tion,  was  equally  barren  in  results. 

At  Maimensing  there  were  some  better  results.     The  jail  has  its  enclosure 
.  .  wall  facing  north-north-east  cracked  for  a  long  distance 

*^™        ^  *  near  the  bottom ;  and  at  the  comer  where  it  joins  the  east- 

south-east  wall  it  has  parted  from  it  outwards,  leaving  a  gap  of  an  inch  or  so 
wide.  The  south-south-west  wall  near  the  entrance  gates  is  also  cracked  more  or 
less  horizontally  for  sonie  distance.  But  neither  of  the  two  walls  at  right-angles 
to  these  have  been  cracked,  save  one  for  a  short  distance.  This  is  what  should 
happen  with  the  shock  coming  from  the  south-south-west,  the  direction  of  the 
seismic  vertical.  Many  of  the  bmldings  within  the  enclosure  are  nearly  new,  and 
such  cracks  as  they  show  would  favour  a  shook  from  either  of  the  opposite  direc- 
tions. One  older  building,  however,  has  a  crack  at  its  north-north-east  end  of  vety 
serious  size,  dipping  nearly  vertically.  This  better  agrees  with  the  evidence  of  the 
enclosure  walls. 

The  dispensaiy  on  its  south-east  and  north-west  end  walls  showed  a  set  of  in-- 

tricate  fissures,  crossing  one  another  at  right-angles,  and 

Dispensary.  such  as  could  have  been  produced  by  a  fissuring  plane 

dipping  either  north-east  or  south-west  at  45."    Those  in  the  former  direction 

were  the  most  conspicuous,  inasmuch  as  they  started  originally  from  the  summit 

or  sides  of  the  walls,  whilst  the  others  started  from  some  point  on  them. 

A  mosque  (see  fig.  9),  near  the  dispensary,  is  interesting  because  it  has  had  its 

north-north-east  corner  walls  shot  away,  evidently  hy  a 
Mosque.  shock  coming  from  the  south-south-west,  which  has  also 

rent  the  north  wall  in  three  places,  and  one  of  the  domes.  There  is  also  an  ap- 
proximately horizontal  crack  in  the  west  wall  at  about  half  its  height. 

A  house  belonging  to  the  Rajah  Saruja  Kantu  Acharji  was  fortunately  ^]»cedi 

and  received  the  full  effects  of  the  shock.     It  was  rectan- 
^^*^'  gular,  and  lay  with  its  ends  facing  east-south-east  and 

west-north-west,  very  nearly.  These  end  walls  were  also  fortunate  in  not  being 
too  much  pierced  by  windows  and  doorways.  They  revealed  cracks  produced  by 
planes  of  fissure  dipping  north-north-east  60*  and  south-south-west  40"  which 
crossed  one  another  at  right-angles.    If  anything,  the  planes  dipping  south-south- 
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west  were  slightly  the  more  prononnced,  of  the  two.  This  house,  and  the  dis. 
pensaiy  already  mentioned,  were  both  good  examples  of  the  effects  of  an  earth- 
quake wave  rising  upon  a  building  exactly  at  right-angles  to  its  path. 

This  is  the  only  other  building  which  left  any  legible  record.     It  is  in  an  un- 

finished  state  of  building,  but  beyond  some  few  small  cracks 

The  new  Kaehahri.  .    •    •  v        i.  j  mi. 

no  permanent  injury  has  been  done.     There  seems  no 

doubt  that  this  leniency  is  mainly  to  be  put  down  to  the  newness  of  the  mortar, 'and 

the  consequent  pliancy  of  the  walls.     The  cornice  running  along  the  top  of  the 

walls  has  however  fallen  at  several  points,  because  it  needed  the  binding  efEects  of  a 

roof  to  keep  it  in  place.     The  fall  has  only  taken  place  from  sach  walls  as  faced 

north-22*.west,  or  south.22^-east,  and  slightly  round  comers  on  the  east-north-east 

walls.  The  largest  piece  has  gone  from  the  north-north-east  comer.   As  the  building 

lies  with  its  long  axis  east-north-east  and  west-south-west,  no  doubt  there  would  bo 

more  tendency  in  the  walls  to  rock  at  right  angles  to  that  line  than  with  it ;  but,  as 

the  shock  came  diagonal  to  the  building,  some  small  resolved  part  of  it  must  be 

allowed  to  set  the  end  walls  in  a  tremor,  though  not  so  violently  on  account  of  their 

relative  shortness.     The  results  show  that  the  more  conspicuous  shaking  was 

imparted  to  the  long  walls  facing  north-north-west  and  south-south-east,  and  a 

smaller  shaking  to  the  shorter  ones  at  right  angles  to  these;  whilst  the  far  larger 

piece  of  the  cornice  tumbled  from  the  north-north-east  comer  shows  that  that  was 

the  point  the  least  supported,  as  would  be  the  case  with  the  shook  from  the  assigned 

south-south-west  direction.     It  may  also  be  noted  that  the  small  cracks  in  the 

arches  of  the  lower  story  are  also  at  this  corner  of  the  building. 

At  Dacca  I  got  very  little  evidence  of  the  earthquake,  though  from  all  accounts 

the  shaking  here  was  very  severe.  The  police  reported  a 
temple  fallen  at  Barisur  on  the  opposite  side  of  the  river, 
but  on  visiting  the  place  I  found  only  the  blackened  ^ruins  of  one  which  had 
collapsed  from  decay  some  years  ago.  Fig.  10  represents  a  house  on  the  river 
bank  that  has  had  the  stucco  mouldings  shot  away  on  its  south  side  and  south-east 
corner.     The  south-west  comer  also  showed  two  cracks  dipping  south-east  ix)ughly. 

Several  other  houses  also  showed  the  same  thing,  both  cornices  and  plaster 
falling  towards  the  south  or  south-eaHt,  and  never  towards  the  north.  A  careful 
scrutiny  in  the  cemetery  was  unrewarded  by  any  fall  greater  than  bits  of  brick  and 
plaster,  and  an  earthenware  vessel  from  the  summit  of  a  tomb.  The  vessel, 
originally  threaded  on  an  iron  spike,  had  broken,  and  only  half  of  it  fallen  to  the 
ground,  and  was,  in  consequence,  of  doubtful  value  as  evidence.  It  fell  towards 
the  south-south-east,  which  was  also  the  general  direction  of  the  plaster  chips. 
Thus  there  was  just  sufficient  evidence  here  to  bear  out  all  previous  conclusions  with 
regard  to  the  position  of  the  seismic  vertical,  but  nothing  to  corroborate  it.  On 
the  whole,  the  damage  done  in  Dacca  is  disproportionately  small  compared  with 
other  places  equally  near  the  centre  of  disturbance.  The  reason  for  this  I  shall 
consider  later  on. 

(JIT)' — Exceptional  phenomena. 

Earth  fissures  opened  at  Serajganj,  SubomkhoH,  and  Jamalpur,  and  some  few 

„     ,  ^  other  places.     In  every  case  that  I  examined  they  had 

Earth  lUiurei.  .   i  ,  ..i       i      .i      ^      i        i.       •  ,  , 

taken  place  either  by  the  banks  of  a  nver,  or  elevated  road 
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way,  or  the  sloping  sides  of  a  tank.     In  one  case  at  Snbomldioli,  near  Mr.  Wel^eter'a 
jute  mills  there  were  some  irregular  cracks,  opened  apparently  on  the  flat,  though 
not  many  yards  from  some  water.     They  were  fringed  all  round  the  margins  by 
fine  sand,  which  bore  testimony  to  the  statement  made  by  Mr.  Webster  that  water 
oozed  up  through  these  cracks  carrying  the  sand  with  it,  and  sometimeB  even 
spurted  up  into  the  air  some  few  feet.     When  at  Jamalpur,  I  received  from  the 
Deputy  Magistrate  some  pieces  of  lignite  which  had  been  similarly  thrown  up 
through  fissures  along  with  sand  and  water  at  Sherpur  (Maimensing  district). 
There  is  no  reason  to  imagine  that  these  fissures  differ  in  origin  from  those  so  well 
described  and  explained  by  Mr.  R.  D.  Oldham,  in  his  discussion  of  the  Cachar 
earthquake  of  1869,  published  in  Vol.  XIX  of  the  Memoirs  of  the  Geological 
Survey  of  India,  and  to  which  I  refer  the  reader.     It  is  there  shown  that  during 
the  passage  of  an  earth  wave,  contiguous  vertical  zones  are  moving  respectively 
forwards  and  backwards  at  the  same  moment,  but  that  on  level  ground  the  cohe- 
sion and  inertia  of  the  motionless  masses  of  clay  in  front  and  behind  are  sufficient 
to  prevent  rupture.     On  the  other  hand,  when  a  bank  is  approached,  the  particles 
of  clay  moving  forward  have  no  inert  clay  mass  in  front  to  stop  them  and  take  on 
their  motion,  and  consequently  those  particles  break  away  from  the  zone  of  back- 
ward driving  particles  and  a  fissure  is  formed. 

In  three  cases  wells  were  curiously  affected  by  reason  of  the  same  causes.    At 

Serajganj  a  well  pipe,  13  feet  7  inches  long  and  1^  inches  in 
bore,  was  filled  throughout  with  sand  tightly  jammed 
into  it.  I  was  told  that,  at  the  time  of  the  earthquake,  water  rose  in  the  well,  and 
that  since  then  the  bottom  of  the  well  had  broken  through  into  the  underground 
vacancy  made  by  the  ejection  of  the  sand.  At  Subomkholi  I  saw  a  well  which 
had  had  its  tiled  casing,  about  1}  feet  in  diameter,  moved  towards  the  north-west,  so 
that,  looking  down  through  the  brick  mouth  of  the  well,  it  was  seen  to  be  entirely 
on  one  side  instead  of  in  the  centre.  I  also  heard  of  another  well  in  the  neigh- 
bourhood out  of  which  a  brass  vessel  had  been  hurled  some  distance. 

The  water  of  a  tank  close  by  the  jute  company's  works,   Serajganj,  was  thus 

affected,  according  to  an  account  of  the  manager.    The 
Tank,  Sflrajganj.  ^^^^  ^^^  ^^  ^^^^  ^^^  ^^  north-20^east,  and  the  water 

seemed  to  run  east  and  west  from  the  sides,  gathering  up  in  the  centre,  and  then 
to  spread  out  again  to  the  sides. 

Some  brick  stacks  in  a  brick  yard  at  Maimensing  were  partially  overthrown. 

They  all  stood  3  feet  9  inches  in  height ;  and  the  north- 
"*^  north-east  comers  were  the  ones  shot  way.     The  outer- 

most bricks  fell  at  a  distance  4  feet  9  inches  from  the  outer  edge  of  the  stack, 
a  distance  obtained  by  taking  the  mean  of  eight  different  measurements. 

(JlV). — BUcussiwi  of  data. 
If  we  take  a  mean  of  the  directions  of  the  fallen  chimneys  at  Serajganj 

also  the  direction  of  the  tomb  at  Jamalpur,  and  that  drawn 
Seinnic  vertical    and      ^^  ^^^  ^^^^  ^^  Maimensing,    we   have  to  place  the 
depth  of  focua.  •      •  _x.     i  .         ^  oi       -i      •    j;« 

seismic  vertical  as  emerging  on  an  area  3^  miles  in  aia- 

meter  with  it3  centre  37  miles  south-37®-east  (true)  from  Serajganj,  or  90*  6'  30^ 
East  Long.,  and  23"*  59'  20"  North  Lat.     But  there  is  still  another  method  oi 
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procedure  open  to  ns.  If  we  take  some  three  towns  on  the  map  where  the  des- 
truction to  buildings  is  markedly  greater  than  elsewhere,  and  describe  a  circle 
throngh  them,  the  centre  of  that  circle  will  be  the  position  of  the  seismic  vertical. 
Now  there  is  no  doubt  that  Sherpur  (Maimensing  district),  Bogra  and  Nattore 
are  three  such  places,  as  reference  to  the  telegrams  and  letters  published  in  the 
JSn^Zt^^Dtani  .between  the  15th  and  25th  July  will  show.  These  three  places  are 
all  about  equidistant  from  the  assigned  position  of  the  seismic  vertical  near  Atia, 
and  thus  the  position  of  this  point  is  made  doubly  certain.  In  discussing  the 
depth  of  the  focus  we  have  also  a  double  method,  the  first  method  being  to  take 
the  angles  of  emergence  as  deduced  from  the  fissures,  and  apply  the  formula — 

D«C  tan  E, 

where  D=:  depth  of  focus,  C=distance  from  seismic  vertical,  and  E= angle  of 

emergence. 

At  Sherpur  (Bogra  district),  Cs61  miles,  and  £=40% 

.-.  D  -  61  X  tan  40*, 
that  Ib,  D  -*  61*18510  miles,  or  abont  61  milet. 

At  Maimensing  we  had  40^  and  45^  as  the  angles  of  emergence,  taken  from  the 
cracks  in  the  Dispensary,  and  one  of  the  houses  belonging  to  the  Rajah.  Now,  taking 
42^^  as  the  mean  angle,  since  Maimensing  is  55  miles  from  the  seismic  ver- 
tical we  have — 

D  -  56xtan48|*, 

that  is,  D  «  60*89815  miles,  or  aboat  60  miles. 
In  the  second  method,  the  depth  equals  the  diagonal  of  the  square  described  on 
a  radius  of  the  circle  passing  through  three  or  more  points  where  the  destruction 
to  buildings  is  greatest.  So  that,  taking  the  radius  of  the  circle  described  about 
the  towns  Nattore,  Bogra  and  Sherpur  (Maimensing  district)  as  74  miles,  we 
have— 

D  -  -•  2  X  74»,  -  104  miles  nearly. 

The  second  method  thus  gives  a  far  greater  depth  for  the  focus  than  the  first. 
But  both  are  far  higher  values  than  are  usually  assigned  to  an  earthquake  focus. 
This  may  be  partly  accounted  for  by  the  fact  that,  in  its  passage  from  the  lower 
solid  strata  into  the  upper  alluvial  soil  of  Bengal,  the  earthquake  wave  must  have 
been  refracted ;  and  so  the  emergence  angle  would  appear  too  steep. 

On  the  whole,  owing  to  reasons  which  will  be  given  below,  when  treating  of 
the  arc  of  violence,  we  may  place  more  reliance  on  the  former  than  on  the  latter 
method  in  this  particular  case.  So,  if  we  take  the  mean  depth  of  the  two  first 
calculations,  and  subtract  ten  per  cent,  for  refraction  (an  arbitrary  amount),  we 
have  about  45  miles  as  the  depth  of  the  centre  of  disturbance. 

In  considering  those  points  on  the  earth's  surface  where  the  greatest  damage 

^  .   ,  ,  has  been  done  to  buildings,  which  points,  as  before  men- 

Tho  are  of  violence.         ^.        _  ,.,,,.  .    i        •. t.  xi.        •      •         _x-     i 

tioned,  can  be  included  m  a  circle  with  the  seisnuc  vertical 

for  centre,  we  are  at  once  struck  by  the  fact  that  it  is  not  at  every  point  alike  of  this 

circle  that  great  disturbance  haa  occurred,  but  only  at  certain  of  them  forming  an 

arc  of  about  90®  having  Maimensing  at  one  extremity  and  Nattore  at  the  other. 

This  arc  of  violence  is  indeed  wonderfully  contrasted  with  the  rest  of  the  circle  ; 
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for  if  we  take  into  consideratioii  a  large  station  like  Dacca,  which  is  not  qnite  so 
far  from  the  seismic  vertical  as  Serajganj,  we  find  the  destmction  caused  there  in 
no  waj  comparable  to  that  at  that  place.  At  Pubna  also  no  very  great  damage 
has  been  done,  whilst  from  Faridpur  and  Kumila  (Comillah)  there  have  been 
absolntely  no  reports  nor  telegrams  in  the  newspapers.  To  understand  the  reason 
for  this  a  geological  map  must  be  consulted :  it  wiQ  then  be  seen'  that,  whilst 
places  on  the  southern  arc  of  the  circle  of  greatest  possible  destmctibility  have  no 
outcrop  of  metamorphic  rock  nearer  than  200  or  300  miles,  all  those  places  situated 
on  the  actual  arc  of  violence  are  within  75  miles  of  solid  rock,  namely,  the  meta- 
morphics  of  the  Garo  hills,  or  the  Rajmahal  trap ;  some  places  being  even  as 
little  as  37  miles  from  the  Garo  hills.  In  other  words  the  great  plain  of  Bengal, 
though  325  miles  broad  between  Chittagong  and  Balasore,  narrows  in  a  northerly 
direction  between  Rajmahal  and  the  Garo  hills  to  135  miles.  Now  from  the  fact 
that  the  latter  places  are  where  the  two  masses  of  metamorphic  rocks  of  Ohota 
Nagpur  and  Assam  respectively  most  nearly  approach  one  another,  we  may  infer 
that  a  line  joining  them  would  cross  that  part  in  Bengal  where  the  depth  of  alluvial 
soil  is  less,  and  where  the  metamorphics  come  more  nearly  to  the  surface  than  at 
any  place  furtlier  south.  We  thus  see  that  the  arc  of  violence  is  situated  near 
where  this  shallowing  of  the  alluvial  soil  takes  place  ;  and  we  at  once  recognise 
that  the  latter  is  the  cause  of  the  former. 

In  support  of  this,  and  also  the  better  to  enlarge  on  my  meaning,  I  will  take 
the  liberty  of  quoting  from  Mr.  Mallet's  report  on  "  Earthquake  phenomenah  "  in  the 
Report  of  the  British  Association  for  1850,  when  speaking  of  the  great  Galabrian 
earthquake.     He  says : — 

"  The  centre  of  effort  in  this  earthquake  was  under  the  g^reat  plain,  and  probably  abont  under 
where  once  stood  the  village  of  Oppido,  bat  at  an  nnknowu  depth.  The  observations  made  amount 
to  no  more  than  this;  that  the  shocks  did  less  mischief  to  structures  on  the  granite  or  slate  rocks 
of  the  hills,  than  they  did  to  those  on  the  plain  of  clay,  &c, ;  that  the  destructive  effects  of  tht 
shocks  were  very'  grent  slong  the  line  of  junction  of  these,  at  ihe  bases  of  the  hills  (from  which 
some  philosophers  of  that  time  concluded  that  the  earthquake  came  from  the  mountnins),  and  that 
along  this  line,  shocks  in  close  succession  were  felt,  not  only  horizontally  and  vertically,  but  alec  in 
opposite  directions. 

"  Now  we  may  a  priori  Recount  for  these  facts,  on  the  principle  that  the  velocity  of  the  shock 
or  earth  wave  depending  on  tiie  density  and  modulus  of  elasticity  of  the  formation  through  which 
it  passes,  and  its  velocity  being  greatest  in  those  whose  elasticity  is  highest,  while  its  range  of 
motion  is  most  limited  iti  the  same ;  therefore  the  shock  here  was  of  less  velocity  in  the  plain  than 
in  the  rocky  hills ;  but  had  in  the  former  a  longer  range  of  oscillntion,  and  hence  did  most  mischief 
in  the  plain.  Along  the  line  or  plane  of  junction  of  two  formations  of  different  elasticities,  Ac, 
the  earth  wnve  will  change  its  course  and  aUo  its  velocity  (like  light  in  passing  from  one  medium 
to  another),  and  here  the  wave  will  be  divided,  part  of  it  will  be  refracted,  and  pnrt  reflected  (or 
total  reflections  may  take  place  if  the  angle  of  incidence  be  suitable  to  the  plane  of  junction);  and 
the  latter  portion  of  the  wave  will  in  such  case  double  back  upon  itself,  and  give  rise  to  a  shock  in 
the  opposite  direction  to  the  first  one.  Hence,  along  such  a  line  of  junction,  the  destmctive  effects 
will  be  very  great." 

The  case  we  are  considering,  though  not  qnite  agreeing  with  the  one  quoted, 
differs  only  in  degree ;  such  difference  as  there  is  depending  on  the  fact  that  the 
centre  in  our  case  was  too  far  away  from  the  hills  for  the  circle  of  greatest  des* 
tructibility  to  cut  at  any  point  the  line  of  junction  between  the  metamorphic 
hills  and  the  plains  of  clay.    Still,  the  fact  that  the  destroction  is  accentuated  along 
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the  arc  of  violence,  *.  e.,  the  arc  nearest  the  hills,  shows  that  reflected  waves  from 
the  quickly  transmitting  rocky  basin  must  have  started  out  back  from  the  hills 
before  the  slowly  travelling  wave  in  the  clay  reached  them ;  and  those  reflected 
waves,  though  not  strong  enough  of  themselves  to  produce  destruction  on  the 
actual  line  of  junction  of  the  plains  and  hills,  must  have  had  some  considerable 
power  in  au^enting  the  effects  of  the  direct  waves  when  the  two  sets  met,  and 
even  for  some  time  before  and  after  meeting,  since  many  objects  caught  still  vi- 
brating from  either  shock  would  be  more  easily  overturned  by  the  succeeding  one. 

And  once  more,  the  smaller  depths  of  alluvial  soil  along  the  northern  arc  of 
the  circle  of  greatest  destructibility  would  receive  the  full  effects  from  the  direct 
shock,  whilst  the  thicker  pad  of  clay  on  the  southern  arc  would,  by  being  vio- 
lently moved  as  to  its  particles  in  its  lower  part,  have  in  some  measure  dissi- 
pated the  motion  before  it  arrived  at  the  surface. 

We  thus  see  that  primarily  it  is  owing  to  the  shallowing  of  the  deltaic  deposit 
of  the  Ganges  and  Brahmaputra,  as  the  metamorphic  hiUs  or  their  sub-alluvial 
representatives  are  approached,  and  also  to  the  proximity  of  the  two  latter,  that 
more  destruction  has  been  caused  north  of  the  seismic  vertical  than  south  of  it. 

We  may  also  expect  that  owing  to  the  same  causes  the  circle  of  greatest  des- 
tructibility to  buildings,  as  laid  down  on  the  map  from  the  arc  of  violence,  is  of 
much  larger  diameter  than  it  would  have  been  in  a  perfectly  homogeneous  coun- 
try ;  and  therefore  estimations  of  the  depth  of  the  focus  from  the  diagonal  of  the 
square  of  the  radius  of  that  circle  will  have  far  too  great  a  value ;  as  we  were  led 
to  expect  by  their  non-agreement  with  the  angle  of  emergence  method. 

This  can  be  obtained  within  limits  from  the  tomb  at 
pJaclr**"^  ®'  *^®  ^^^"^     Jamalpur  and  the  chimneys  at  Serajganj,  the  dimensions 

of  which  have  already  been  given. 

In  tbe  first  case  we  have  to  treat  the  fallen  body  as  one  upset  in  tbe  direc- 
tion from  which  the  shock  came  by  its  inertia  of  rest,  during  the  first  semiphase ; 
and  in  the  second  case  we  have  an  example  of  oscillation  of  a  body  beyond 
its  limits  of  flexibility,  due  to  its  inertia  of  motion  during  the  second  semiphase. 

Let  us  first  take  the  simpler  case  of  the  tomb  at  Jamalpur. 

tomr^o^.    ""^    ^^*       ^^  ^®  ^^^  ^  ^-  *^®  ^^"^Z^^  of  the  canopy,  then,  since  it 

is  supported  by  eight  pillars,  each  of  them  bears  a  weight 
equal  to  W,  that  is  ^th  of  the  whole.  Now  since  the  whole  canopy  is  symmetrical 
about  any  vertical  plane  passing  through  the  centre,  we  may  look  on  the  mass  of 
the  canopy  as  also  divided  into  eight  parts  and  individually  placed  vertically  above 
each  pillar,  at  the  same  level  as  the  centre  of  gravity  of  the  whole,  that  is,  2  feet 
2  inches  above  the  pillars.  For,  if  we  take  any  pair  of  pillars  opposite  one  another, 
we  see  that,  just  as  much  as  the  one  is  helped  in  its  upsettiiig  by  the  mass  of  the 
canopy  being  on  one  side  of  it,  the  other  in  like  manner  is  hindered  to  the  same 
extent,  and  since  they  are  in  rigid  connection  by  the  canopy  the  one  condition 
balances  the  other.  Thus  the  problem  narrows  itself  to  the  overthrow  of  one 
column  supporting  a  mass  proportional  to  W  at  a  point  2^  feet  above  its  upper 
end. 

It  is  now  necessary  to  ascertain  the  proportional  weights  of  the  column  and 
the  supported  mass.  We  obtain  this  by  calculating  their  respective  volumes,  since 
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the  material  being  the  same,  the  weights  will  be  proportional  to  the  volume.  The 
whole  of  the  canopj  contains  412,142  cubic  inches,  and  therefore  ^th  contsdiiB 
51,518  cubic  inches.  Each  pillar  contains  26»389  cubic  inches,  and  will  therefore 
be  about  half  the  weight  of  the  portion  of  the  canopy  it  supports ;  and  since  the 
mass  of  anything  is  proportional  to  its  weight  at  the  same  point  on  the  earth's 
surface,  we  have  the  mass  of  the  portion  of  the  dome  supposed  concentrated 
above  the  pillar  equal  to  twice  the  mass  of  the  pillar  itself. 

We  must  now  get  the  moment  of  the  inertia  of  the  whole  in  order  to  find 
the  centre  and  radius  of  gyration.  For  since  the  whole  may  be  considered  as  a 
compound  pendulum  swinging  on  one  edge  of  the  base  of  the  pillar,  we  need  to  find 
the  length  of  the  simple  pendulum  which  gyrates  in  the  same  time,  t.6.,  the  distance 
of  the  position  of  the  centre  of  gyration  (where  we  may  consider  the  whole  mass 
of  the  pillar  and  its  burden  concentrated)  from  the  axis  of  gyration.  By  dividing 
the  system  of  pillar  and  its  portion  of  the  canopy  into  suitable  portions,  and  taking 
the  sum  of  the  products  of  their  masses  into  the  squares  of  their  distances  from 
the  axis  of  revolution,  we  obtain — 

m  &l\  —the  moment  of  inertia  of  the  whole  system* 
where  m  =  the  mass  of  the  pillar,  and  therefore  3m  =  the  mass  of  the  system. 

/M67\ 

then  r*  «  m^^^— 7lJ  =»  (raditxs  of  gyration)", 

that  is  to  say,  the  position  where  we  may  suppose  the  whole  mass  of  the  pendulum 
concentrated  into  a  single  heavy  bob  is  distant  v^7l^  feet  from  the  axis  of  re- 
volution. 

In  the  annexed  figure  let  CDEF  =  the  pillar  of  which 

A  is  the  centre  of  gravity,  and  let  B  =  the  point  where 
the  mass  of  ^th  of  the  canopy  is  supposed  aggregated. 
Then  dividing  BA  into  three  equal  parts,  of  which  B6  is 
one,  gives  us  G  the  centre  of  gravity  of  the  whole  system, 
since  the  masses  at  B  and  A  are  proportional  to  2  and  1. 
The  point  G  is  2  inches  above  CE  or  7  feet  2  inches 
above  the  base  DF.  Join  GF  and  let  the  angle  GFE  =  «. 
Then  since  DF  =  1  foot  8  inches  and  EF  7  feet,  we  can 
get  the  length  of  GF  =  7^  feet. 

iN'ow  in  order  to  upset  the  system  we  must  cause  G 
to  revolve  about  the  axis  F  through  the  angle  f ,  and 
the  measure  of  the  velocity  of  the  horizontal  force  acting 
at  G  competent  to  raise  it  to  the  height  entailed  by  going 
through  that  angle  is  the  measure  of  the  velocity  of  the 
horizontal  component  of  the  earth  wave  that  ia  at  least 

necessary  to  ov^throw  the  system. 

Let  a  denote  the  distance  in  feet  of  the  centre  of  gravity  of  the  system 

from  the  point  F,  then  the  statical  work  done  in  upsetting  the  body  whose  weight 

isW^is^  ^,    ,,  . 

W^a  (1—008.  ^) 

>  See  Malkt  Neapolitan  Earthquake  of  1857,  p.  125,  Vol.  I. 


PAKT  4.]         MiDDLEMiss:  Bengal  Earthquake  of  July  14M,  1885.  215 

This  mnsi  equal  the  dynamical  work  acquired  which  is  equal  to  the  work 
stored  np  in  the  centre  of  gyration  or 

W>a(l-H508.*)  =  ^^^ 

where  w  is  the  angular  velocity  of  the  body  at  starting,  r  the  radius  of  gyratiou, 
and  g  the  velocity  acquired  by  a  falling  body  in  one  second  of  time. 
Equating  these  two  values  of  the  work  done  we  find 

^  'fi  zs2g  a  (1— cos.  #). 

But  M  the  angular  velocity  =s  the  statical  couple  applied  divided  by  the  moment 
of  inertia  or 

y  a  COS.  A. 

Squaring  and  substituting 

a         008,'  f 
Kow  putting  the  actual  values  for  these  letters  we  have 

v.=«x^x{i-,^)*(a)' 

therefore  V  ss  4  nearivy 

or       V  =  2  feet  per  second,  the  velocity  of  the  horizontal 

component  of  the  earthwave.    Then,  since  the  angle  of  emergence  here  was  39^ 
we  have 

V*  =  — ^  =  2'66  feet  per  second. 

V  here  represents  the  least  value  necessary  to  overthrow  the  canopy,  and  so 

far,  the  actual  velocity  might  have  been  anyi^iing  above  2*^56  feet  per  second. 

But,  from  the  fact  that  the  body  of  the  tomb  itself  was  not  overturned   nor 

Tomb  iUeU  ^^®^  fractured  at  the  base,  we  know  that  the  velocity  was 

"   *       '  less  than  would  have  been  required  for  that  purpose ;  and 

so  wo  can  limit  the  velocity  in  two  directions,  though  not  within  very  narrow  limits. 

The  following  is  the  formula  for  the  fracturing  of  a  solid  paraUelopiped  at  its 

base  by  a  subnormal  wave : — 

«-  _     2  Li3  co8.f 


a    ■=*       o*  ^   cos.  (f -f  a) 
where  g  ae  before  =  82   feet  per  second 
♦  =  25° 

e  r=  39°  the  angle  of  emergence 

a  =6    feet,  the  height  of  the  tomb 

^  s=     3i  feet,  width  of  the  tomb 

li  =     4  the      modulus    of    dynamic     adhesion 

between  the  bricks  and  mortar. 
_  2x  32  X  4x10       -90 
•'     ^  ""  3x  3  X  36  ^^ 

V  =  23-22  feet  per  second, 
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or  the  velociti^  neceasazy  to  fracture  the  tomb  from  its  base.     Now  as  this  haa  not 
occurred,  the  velocity  must,  at  greatest,  be  not  so  high  as  this  value, 
p^  But  again,  we  have  in  the  case  of  the  canopy,  not  meie- 

y  1 7  a  body  upset,  but  also  one  projected  some  distance. 

For  the  centre  of  g^yity  of  the  whole  system  had  travelled  horizontally  11'50 
feet  from  the  position  yertically  beneath  where  it  was  when  the  structure  was 
just  on  the  verge  of  falling.  Now,  if  the  canopy  had  been  gently  lowered  over 
on  its  side,  so  that  no  centrifugal  force  generated  was  sufficient  to  overcome  the 
pressure  due  to  gravity,  it  would  have  lain  with  its  centre  of  gravity  3*50  feet 
short  of  this,  or  the  distance  from  the  point  of  revolution  would  have  been  equal 
to  the  height  of  the  centre  of  gravity,  plus  half  the  diameter  of  a  pillar,  that  isi 
7  feet  2  inches  and  10  inches.  This  3^  feet  extra  throw  must  have  been  due  either 
to  one  cause  ajone,  or  to  two  combined.  It  must  either  have  been  caused  by  the 
centrifugal  force  of  the  body  revolving  under  the  influence  of  gravity  alone,  or 
by  the  combined  effects  of  it  and  the  projecting  force  of  the  earthquake.  If  it 
had  been  due  entirely  to  the  first  of  these  causes,  we  should  have  had  the  system 
springing  away  from  the  centre  of  revolution  when  the  cosine  of  the  angle 
through  which  it  had  turned  was  f ,  and  not  before.  Now  it  is  easy  to  see  by  notmg 
the  proportions  of  the  parts  shown  in  the  elevation  fig.  5,  PI.  11,  and  joining  the 
necessary  angles,  that  if  the  body  had  not  left  its  point  of  revolution  at  an  earlier 
period,  the  north  edge  of  the  canopy  would  have  struck  the  upper  part  of  the 
tomb  over  half  its  surface,  causing  a  collision  which  would  have  left  undoubt- 
ed traces.  But  it  has  not  done  so,  or  rather  the  south  edge  of  the  tomb  has  only 
just  been  grazed  as  represented  in  the  figpire.  Consequently  there  must  have 
been  some  other  force  in  addition  to  that  of  gravity  acting  on  the  body,  and  so 
helping  the  centrifugal  force  due  to  gravity  to  project  the  body  at  an  earlier 
moment.  Also,  since  the  upper  surface  of  the  tomb  is  1  foot  only  below  the 
canopy  (when  the  latter  is  on  the  verge  of  falling),  it  must  have  been  shot  away 
before  that  vertical  distance  had  been  descended,  though  not  much  before,  inai- 
much  as  the  canopy  did  just  graze  the  tomb.  We  shall  not  be  far  wrong  if  we 
take  it  that  the  pressure  on  the  ground  was  overcome  by  centrifugal  force  at  the 
moment  when  the  canopy  had  descended  f  foot. 

The  centrifugal  force  due  to  gravity  alone  at  that  position  would  have  been 

A/SgXl  » 6*928  feet  per  second. 
And  if  we  now  calculate  the  velocity  of  the  force  for  projecting  the  body  the 
2\  feet,  and  then  subtract  the  previous  rate,  we^shall  arrive  at  the  true  velocity  of  the 
shock  that  it  possessed  over  and  above  what  was  just  sufficient  to  overturn  the  body. 
By  the  formula 

t_  >*  g 

^  **  2  cob'  e  (b — a  teu  e) 

where    aaaSi  feet,  the  horizontal  distance. 

b«*7i    „    the  height  of  the  centre  of  gn vity. 
e»d9°  the  angle  of  emergence. 
we  get  v=l"366  feet  per  second. 

Now  subtracting  6*928  for  the  reason  assigned  above  we  have — 

1*486  feet  per  second 
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fts  the  projectizig    force  which  acted  in    addition  to  the  oyertaming    force . 

The  latter  we  found  previously  to  be  2*560  feet  per  second,  and  therefore  by 

adding  we  get 

8*996  feet  per  second 

as  the  velocity  of  the  wave  particle  at  Jamalpnr  74  miles  from  the  seismic 
vertical. 

It  may  be  said  that  the  smallness  of  the  velocity,  1*436,  jnst  deduced,  leaves 
very  little  room  for  fractional  errors  in  the  measurements  which  must  always 
occur ;  but  wben  we  consider  that  it  is  certain  there  must  have  been  some  projec- 
tion, certain,  too,  that  it  was  only  small,  and  when  the  couclasion  here  come  to  is 
corroborated  by  the  next  example,  we  have  good  grounds  for  thinking  it  correct. 

In  the  previous  case  of  the  tomb  we  had  to  deal  with  objects  which  were  con- 
sidered as  approximately  rigid,  or  without  any  elasticity 

chimneTs^^   °^  **       *      *^**  ^®®^  ^  taken  into  account ;  but  coming  now  to  the 

consideration  of  the  chinmeys,  we  have  to  bear  in  mind 
the  very  important  fact  that  high  brick-work  structures  of  this  kind  are 
extremely  flexible,  and  are  capable  of  swaying  through  many  feet  in  a  high,  wind 
without  breaking.  What  we  have  in  fact  is  the  case  of  an  inverted  compound 
elastic  pendulum  oscillating  about  a  fixed  point.  If  in  such  a  building  the 
greatest  velocity  that  can  be  acquired  by  the  centre  of  oscillation  as  it  passes  the 
vertical,  during  a  maximum  vibration,  be  greater  than  the  velocity  of  the  earth - 
wa^e  shock  in  that  direction,  it  is  easy  to  see  that  the  structure  would  not  be 
forced  to  the  limits  of  its  flexibility  sjid  so  would  not  be  broken.  If,  again,  they 
were  about  equal  it  would  be  a  matter  of  uncertainty  whether  the  cbimney  fell  or 
not  and  in  which  direction  it  fell.  But  if  the  velocity  of  the  shock  were  greater 
than  the  maximum  velocity  of  the  oscillation  consistent  with  the  elastioity  of  the 
chimney,  the  chimney  would  be  broken  in  its  weakest  part  during  the  first  semi- 
phase,  and  the  broken  part  would  fall  in  the  direction  from  which  the  shock 
came.  In  estimating,  then,  whether  the  velocity  of  any  earthwave  is  sufficient  to 
break  a  flexible  structure  such  as  a  high  chimney  stalk,  it  is  first  necessary  to 
know  within  what  extremes  the  chimney  can  oscillate  without  breaking.  For 
answering  tbis  question  with  rigid  accuracy,  many  data  respectiDg  the  modulus 
of  elasticity  of  brick-work  would  be  necessary,  which  are  not  at  the  present  day 
determined  satisfactorily.  But  there  are  other  sources  of  information  from 
observed  oscillations  of  chimneys  acted  on  by  wind  storms,  which  may  be  of  U8e«^ 
The  Townsend  chimney,  over  326  feet  high,  was  struck  by  a  gale  of  wind  which 
bent  it  beyond  recovery  7  feet  9  inches  out  of  the  perpendicular,  so  that  its  length 
of  oscillation  without  breaking  was  15  feet  6  inches  at  the  top.  It  seems  pro- 
bable, however,  that  if  neglected  it  would  have  ultimately  come  down,  for  the 
deflection  was  observed  to  be  increasing  for  some  time  whilst  the  workmen  were 
straightening  it.  This  chimney  was  more  than  twice  the  height  of  the  rnill 
chimney  at  Serajganj,  but  another  one  at  Messrs.  Matthews  and  Son's  Chemical 
Works,  Pitchcombe,  was  132  feet  high,  or  only  3  feet  less  than  that  at  Serajganj, 
and  like  it  octagonal  in  section.  It  was  observed,  when  tested  in  1875,  to  be  3  feet 
1U  inches  out  of  the  perpendicular,  giving  a  range  of  oscillation  without  breaking 

^  See  Supplement  to  Spon'ii  Dictionary  of  Engineering,  page  855. 
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of  at  least  7  feet  8  incbes,  at  tiie  tmnmiit.  If  -we  take  10  feet  as  the  limit  of  possible 
^cillation  of  the  mill  chimney  at  Serajganj  without  breaking,  we  shall  not  he 
over-estimating  it,  since  the  Pitchcombe  chimney  was  not  so  far  gone  relatively  as 
the  Townsend,  and  was  easily  straightened. 

But  first,  as  in  the  case  of  the  tomb,  it  is  necessary  to  get  at  the  radius  and 
centre  of  oscillation  in  order  that  we  may  learn  what  is  the  simple  pendulimi 
whose  time  of  vibration  corresponds  to  that  of  the  compound  pendulum  of  the 
chimney.  By  dividing  the  chimney  into  suitable  lengths,  and  deducing  the 
varying  masses  of  these  lengths  from  their  mean  internal  and  external  diameters 
respectively,  we  can  get  their  several  moments  of  mertia  about  the  axis  of  oscil- 
lation, and  by  addiQg  them  together  get  the  moment  of  inertia  of  the  whole 
mass. 

This  we  find  to  be  407,414. 

Having  got  this,  it  is  easy  to  deduce  the  radius  of  gyration,  and  the  radius  of 
oscillation.  The  latter  we  find  to  be  69i{-  feet  from  the  base  or  nearly  70  feet. 
Thus  the  simple  pendulum  whose  time  of  osciUation  is  the  same  as  that  of  the 
chimney  has  a  length  of  70  feet. 

Now,  by  the  formula, — 

where  t  =  the  time  of  oscillation ;  1  =  length  of  pendulum ;  and  g  =  the  acceler- 
ating influence  of  gravity  in  one  second,  we  have 

t»8-l«^f"-|^x   8141 

a  4'6i7  Beconds. 

Now,  taking  10  feet  as  the  range  of  oscillation  of  the  summit  of  our  chimney^  we 
have  %>\  feet  as  the  length  of  oscillation  of  the  simple  pendulum,  70  feet  high, 
which  represents  it. 

Then  the  greatest  velocity  attained  during  its  maximum  oscillation  without 
breaking  will  be  when  it  passes  the  vertical  and  will  equal 

?  \/T    "    T/y/l    -  1-64  ft»t  per  ««oiid  newly. 

Now  an  earth  wave  shock  at  an  emergent  angle  of  60^,  and  with  the  above 
horizontally  resolved  velocity,  would  have  a  rate  of  3'28  feet  per  second  along  the 
normal,  since  sec.  60^  =2*0  and  would  cause  just  this  oscillation.  Therefore 
the  velocity  of  the  wave  particle  must  have  been  just  a  little  higher  than  this, 
or  about  3'3  feet  per  second;  for  if  it  had  been  greatly  higher,  the  chimney 
would  have  broken  during  the  first  semiphase,  and  its  fragments  would  have  been 
precipitated  in  the  direction  from  which  the  shock  came,  whereas  their  actoftl 
position,  as  shown  in  fig.  2,  PL  I,  declares  that  it  was  during  the  second  semiphase 
that  they  were  overthrown. 

It  might  be  thought  that  in  that  semiphase  one-half  the  velocity  afore-men- 
tioned would  have  been  sufficient,  provided  the  period  of  oscillation  of  the 
chimney  coincided  with  the  period  of  vibration  of  the  earth  wave,  but  from  the 
slow  oscillation  necessary  for  such  a  high  chimney,  4*647  seconds,  it  will  be  at 
once  seen  that  such  a  coincidence  is  impossible. 
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Puttmg  together  the  eyidence  for  velocity,  we  have  the  lowest  and  highest 
limits  fixed  by  the  Jamalpnr  tomb,  74  miles  from  the  seismic  yertical,  at  2*56  and 
23'22  feet  per  second  respectively ;  and  also  a  probable  rate  of  nearly  4  feet  per 
second  deduced  from  the  same  data,  whilst  at  Serajganj,  36  miles  from  the  centre, 
we  have  corroborative  evidence  for  a  probable  rate  between  3  and  4  feet  per 
second. 

Small  as  this  rate  sonnds  to  the  ear,  there  is  abundant  testimony  brought 
forward  by  Mallet  in  his  report  on  the  Neapolitan  earthquake  to  convince  every- 
one that  its  effects  on  badly  built  or  unstable  dwellings  may  be  immense. 

The  data  for  obtaining  this  with  accuracy  are  unfortunately  wanting ;  such  as 

there  are  being  scarcely  reliable  as  approximately  correct, 
■iol  onhJ  i^vr^"^'     -^*  Alipur  Meteorological  Observatory,  Calcutta,  the  time 

of  the  shock  was  indeed  fixed  rigidly  at  6  hours,  24  minutes^ 
12'6  seconds,  but  from  only  two  other  places,  namely,  Dacca  and  Sibsagar,  have 
times  been  forwarded.  From  Sibsagar  Observatory  a  seismometer  form  was 
received  partly  filled  up,  stating  that  a  very  slight  shock  of  earthquake  occurred 
there  lasting  abont  half  a  second,  but  that  no  seismometer  cylinders  were  over- 
thrown,  and  no  damage  done.  The  time  given  was  6  hours  48  minutes  (local 
time),  which  corresponds  to  6  hours  22  minutes  Calcutta  time.  That  is  to  say, 
the  shock  was  &lt  2  minutes  earlier  at  Sibsagar  than  in  Calcutta.  Now  allow- 
ing  that  the  rate  of  transmission  of  the  shock  was  twice  as  great  (and  this  is  the 
most  liberal  allowance  possible)  throagh  the  rocky  strata  towards  Sibsagar  as 
through  the  clay  to  Alipur,  we  still  have  more  than  double  the  distance  for  the 
shock  to  have  travelled  in  the  former  than  in  the  latter  case,  so  that  at  least  the 
shock  should  have  arrived  some  little  time  later  at  Sibsagar  than  at  Alipur. 
Thus  we  must  put  aside  the  time  evidence  here  as  unsatisfactory.  From  Dacca, 
a  letter  from  the  TrafBic  Superinteivdent  of  the  Dacca  and  Maimensing  State 
B&ilway,  gave  the  time  as  6*22  at  the  ''  last  of  the  vibration."  The  time  is  tele- 
graphed daily  from  the  Government  Telegraph  Office,  Calcutta ;  and  was  marked 
on  the  clock  dial  at  the  Dacca  Bailway  Station  accurately  the  day  before.  As 
Dacca  is  35  miles,  and  Calcutta  158  miles  from  the  seismic  vertical  they  will  be 
57  nules  and  164  miles  respectively  from  the  focus,  reckoning  the  latter  at  45 
miles  deep.  Kenoe  the  dilEerenoe  in  distance  is  107  miles.  This  gives  53^  miles 
a  minute  for  the  velocity  of  transit ;  a  result  much  too  large,  even  if  some  frac« 
tion  of  a  minute  be  allowed  for  the  vibration  to  have  ceased  at  Dacca  before  the 
tinie  was  noticed. 

On  the  whole,  then,  we  have  no  reliable  data  that  can  in  any  way  advance  our 
knowledge  concerning  the  velocity  with  which  an  earth  wave  is  propagated 
through  the  rocks. 

There  seems  to  be  no  doubt  that  the  forerunner  of  the  destroying  earthquake 

of  the  14th  July  is  to  be  found  in  the  gentler,  but  still 
^ff.^^^      ea  nq     e     yiQigji^  shock,  of  the  25th  June,  which  convulsed  a  great 

part  of  Bengal,  and  was  felt  in  Calcutta  and  Darjiling ; 
whilst  it  is  certam  that  the  later  small  shocks  and  tremors  have  proceeded  from 
about  the  same  centre  as  that  of  the  14th. 
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These  later  ones  happened  on  the  folloTnng  dates;  and,  though  doing  no 
damage,  thej  kept  the  population  in  a  constant  state  of  expectant  alarm : — 
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On  the  17th  July  at  Murree  a  shock  was  felt,  but  this  is  no  donbt  rather  to  be 

relegated  to  the  Kashmir  set  of  earthquake  shocks  than  to 

r^^l^Z^l^     ^^"^^  °*  Bengal.    And  thiB  brings  na  to  the  question 

whether  there  maj  be  anj  connection  between  the  two 
sets  of  earthquakes  thus  widely  separated,  or  whether  we  are  to  look  on  them  as 
due  to  causes  working  singly  and  unaided  in  their  own  localities.  Doubtless 
there  can  be  no  definite  answer  to  such  a  question,  but  it  may  be  noticed  that  if 
we  answer  in  the  negative,  if  we  put  down  their  contemporaneity  to  mere  chance, 
we  tacitly  admit  that  the  causes  of  each  are  local,  and  by  inference  superficial. 
Hence  we  might  find  room  in  this  case  for  the  possible  explanation  offered  by  Mr. 
Medlicott  in  his  preliminary  notice  of  the  earthquake,  that  the  change  in  the 
course  of  the  Brahmaputra  and  the  consequent  deposition  of  its  vast  sediment  in 
a  different  area  might  have  so  disarranged  the  balance  of  the  earth's  crust  and  so 
brought  on  a  bending  in  the  strata  that  might  have  culminated  in  a  violent  snap 
sufficient  to  produce  the  phenomena  of  the  14th. 

On  the  other  hand>  if  we  take  their  near  coincidence  in  time  as  a  sign  of  their 
connection  in  reality,  we  must  look  for  no  local  and  superficial  cause,  no  mere 
change  of  a  drainage  system  to  account  for  them>  but  we  must  search  for  some 
deeper  cause  underlying  the  very  roots  of  the  mountains,  and  sufficient,  by  throw- 
ing the  whole  of  the  northern  parts  of  India  into  a  state  of  strain,  to  bring  on 
earthquake  phenomena  in  those  parts  of  the  earth's  surface  less  able  to  stand  the 
stress  or  more  intersected  by  lines  of  weakness. 

And  in  the  same  way  if  this  relation  be  granted  as  probable,  there  seems  no 

reason  why  the  certainly  marked  increase  of  seismic  and 
Ii^ia^  K^Q&toa.^     ^     volcanic  activity  during  the  last  year  or  so  both  in  Europe 

and  in  some  parts  of  Asia  should  not,  in  like  manner,  be  due 
to  some  great  underlying  cause  which,  on  a  large  scale,  has  been  making  itself  felt 
here  and  there  in  weak  places ;  now  in  Italyf  now  in  Spain«  now  in  England, 
Germany,  Switzerland  and  Austria,  and  other  places  in  the  Eastern  Hemisphere. 
Nor  would  it,  perhaps,  be  too  much  to  look  back  to  the  Ischian  earthquake  and 
the  eruption  of  EIrakatoa  in  the  summer  of  1883,  as  perhaps  the  great  forerunners 
of  this  consecutive  series  of  siesmic  and  volcanic  phenomena. 

In  conclusion,    I  should  mention  that  such  observations  as  are  recorded  in 
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this  paper  are  in  a  f^reat  measure  due  to  the  assistance  I  received  from  the  Goyem* 
ment  officers  at  Sherpur,  Maimensing  and  Dacca ;  and  in  an  especial  degree  to 
the  kindness  and  hospitality  of  several  gentlemen  residing  at  Serajganj,  Suborn- 
khoU,  and  Maimansing,  without  which,  in  a  district  destitute  of  hotels  or'  d&k- 
bungalows  a  cumbrous  camp  equipment  would  have  been  necessary. 


iEepori  tm  the  Kashmir  Earthquake  of  30th  May  1885,  hy  E.  J.  Jones, 

A.B.S.M.,  Oeological  Survey  of  India, 

Exaggerated  reports, — ^The  newspaper  and  other  reports  of  this  earthquake, 
at  first,  as  is  usual  in  all  such  cases,  much  exaggerated  tbe  importance  of  the 
event. 

Reany  loss  of  life. — But,  in  spite  of  the  comparative  mildness  of  the  shock, 
the  loss  of  life  was  very  great,  being  in  round  numbers  about  3,000.  The 
cause  of  this  is  to  be  looked  for  in  the  very  insecure  manner  of  building  in 
vogue.  This,  at  the  same  time,  has  necessarily  prevented  the  possibility  of  many 
accurate  observations  being  taken  from  the  ruins. 

Style  of  huHditig. — The  greater  number  of  the  buildings  may  be  divided  into 
two  classes: — 

(i)  those  situated  in  the  hilly  parts  of  the  country ; 

(ii)  those  situated  on  the  more  level  country,  in  the  wide  portion  of  the 
valley  of  the  Jhelam. 

Tbe  first  class  are  low  structures,  usually  isolated,  and  frequently  covering  a 
lan^  area  of  ground,  being  generally  built  upon  a  terrace  on  the  side  of  a  hi]] 
with  one  side  resting  against  the  perpendicular  face  of  the  terrace  above.  These 
huts  consist  of  walls  built  of  rubble  loosely  held  together  with  mud ;  resting  on 
these  are  a  number  of  beams  (roughly  trimmed  trunks  of  trees),  which  are  also 
supported  along  their  length  by  wooden  posts ;  upon  the  whole  of  this  with  the 
interposition  of  some  cross  pieces  of  wood,  a  layer  of  dry  mud  is  laid,  which  is 
added  to  year  by  year  and  forms  a  flat  roof. 

The  second  class  are  built  either  detached  or  several  in  a  row ;  they  consist 
sometimes  of  as  many  as  three  stories.  The  materials  used  in  their  construction 
are  very  various,  blocks  of  dried  mud  measuring  2  to  3  feet  in  length,  breadth, 
and  depth  and  made  in  moulds  in  situ  ;  sun-dried  and  burnt  bricks  held  together 
with  mud,  or  rarely  in  the  case  of  the  burnt  bricks  with  mortar ;  rubble  stones 
held  together  with  mud.  It  is  also  usual  in  these  buildings  to  place  at  intervals 
of  2  to  4  feet  horizontal  lengths  of  wood,  and  occasionally  vertical  and  inclined 
ones ;  no  attempt  is  made  at  bonding  in  these  walls,  and  the  mud  between  the 
bricks  is  about  one-third  the  thickness  of  the  bricks.  Above  this  is  placed 
a  thatched  gable-ended  roof,  into  the  composition  of  which  heavy  beams  of 
roughly  hewn  timber  enter  very  largely.  The  whole  roof  is  supported  on  several 
square  pillars  of  sun-dried  bricks  or  other  material  carried  above  the  walls  and 
measuring  2  feet  to  2  feet  6  inches  along  the  side. 

It  will  be  readily  understood  that  such  structures  are  not  of  a  nature  to  suc- 
cessfully withstand  earthquake  shocks,  even  when  not  of  any  great  degree  of 
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*  intensiiy.  In  a  very  considerable  number  of  the  cases  in  which  hats  were  damaged  , 
the  supports  of  the  roof  had  given  way  and  allowed  it  to  subside,  frequent!/ 
carrying  the  walls  down  with  it  and  leaving  only  a  mass  of  rubbish  to  indicate 
the  spot  where  the  house  had  stood. 

Scattered  through  the  country  there  are,  however,  a  few  buildings  of  a  more 
substantial  character,  some  of  which  were  more  or  less  injured  by  the  shock. 

Patan, — This  village  is  situated  on  the  road  from  Baramula  to  Srinagar,  and 
near  it  is  an  ancient  Buddhist  temple,  of  which  a  view  is  given  in  the  annexed 
plate.  The  temple  is  very  nearly  cardinal  (i.e.,  its  four  sides  face  nearly  N-S. 
•nd  E-W.),  and  is  built  of  larg^  trimmed  blocks  of  limestone  laid  together  without 
any  cement.  In  each  face  there  is  an  arched  recess,  and  inside  is  a  small  open 
space  about  10  feet  square.  From  the  western  face  three  stones  have  fallen  from 
near  the  top  of  the  arch.  The  greatest  damage  was  done  to  the  S.  and  £.  faises, 
especially  at  the  S.E.  comer,  the  greater  part  of  which  fell.  The  long  axis  of  an 
ellipse  drawn  ax^und  the  fallen  stones  as  they  lie  upon  the  ground  runs  E.  22^S.— W. 
22°  N.,  which  gives  an  approximate  direction  for  the  wave  path  at  this  point. 

8rinagar,^^ln  the  Sher  Garhi  (the  Maharaja's  palace)  the  long  walls  of  the 
large  dining-room  run  east — west,  and  the  one  on  the  south  side,  which  is  an 
outside  wall,  consists  of  a  series  of  Ixick  pillars  3  feet  wide  with  openings 
between  them  4  feet  6  inch  across.  Three  of  the  pillars  are  cracked;  the  two 
most  decided  cracks  make  angles  of  27°  aod  37°  respectively  with  the  vertical, 
and  are  inclined  towards  the  east.  If  we  take  the  mean  of  these  two,  we  obtain 
an  angle  of  32°  which,  on  the  assumption  that  the  f  racture^  are  formed  at  right 
angles  to  the  line  of  shock,  is  equal  to  the  angle  of  emergence  of  the  shock. 

A  high  wall  outside  this  room  and  facing  to  the  west  was  partially  overthrown 
ia  a  westerly  direction  into  the  court-yard.  These  two  observatioDS  point  to  a 
wave  path  at  this  point  in  an  E.— W.  direction ;  and  though  the  wall  to  some 
extent  would  have  vibrated  at  right  angles  to  its  long  axis  and  have  fallen  even 
under  the  influence  of  an  oblique  shock,  yet  the  fissures  in  the  pillars  indicate  pretty 
exactly  the  line  of  shock. 

At  the  Sangin  Darwdzi,  which  is  a  gateway  in  the  wall  between  the  city  and 
the  Hariparbat  fort,  several  stones  have  been  thrown  down  from  the  top  of  the 
gateway  in  a  more  or  less  westerly  direction,  the  only  two  whose  original  position 
I  was  able  to  discover  had  fallen  to  W.  1°  X.  and  12°  N. ;  if  we  take  the  mean  of 
these  two,  we  get  W.  6^  30'  N.  as  the  direction  from  which  the  shock  came. 
This  gateway  is  built  of  brick  with  a  facing  of  stone-work  and  looks  towards 
W.  22°  8. ;  on  the  eastern  side  of  the  arch  a  good  deal  of  brick-work  fell. 

In  the  Tashwan  division  of  the  city  is  a  bath-house,  which  is  cardinal,  and 
built  of  brick  and  mortar.  Both  the  east  and  west  walls  of  this  building  have  fallen 
outwards,  carrying  some  of  the  arched  roof  with  them,  and  the  west  wall  carried 
a  small  portion  of  the  south  wall  with  it.  This  indicates  an  east-west  direction 
for  the  wave  path. 

ChmdikalleL^'At  this  small  village,  which  is  situated  about  half  a  mile  to  the 
west  of  Tregaon,  near  Shadipur,  there  was  a  small  hut  built  of  mud,  the  ends 
facing  S.E.  and  NE. ;  these  ends  both  fell  outwards,  indicating  a  N.E.-S.W. 
diraotion  for  the  wave  path. 
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Mujigund — ^is  on  the  left  bank  of  the  Jhelam,  below  Srinagar,  nearly  opposite 
Bakpnra.  Here  there  was  a  long  building  forming  a  stnble  belonging  to  the 
Maharaja  ;  it  was  built  of  brick  and  mud  pillars  at  intervals  of  about  6  feet,  the 
spaces  between  the  pillars  being  filled  up  with  unbumt  bricks.  The  long  axis  of 
the  buildiug  ran  N.— S.  The  whole  of  the  walls,  with  the  exception  of  the 
one  at  the  south  end,  fell.  The  fall  is  reported  to  have  taken  place  towards  the  east, 
but  the  debris  had  been  removed  in  order  to  allow  of  its  being  rebuilt.  This 
indicates  a  nearly  E.— W.  direction  of  shock. 

Kaosa, — This  village  is  situated  on  both  sides  of  a  small  stream  near  Magaon. 
On  the  left  bank  is  a  large  three-storied  house  of  bricks  and  mud  built  in  1884, 
surmounted  by  heavy  wooden  beams  for  supporting  the  roof,  which  at  the  time  of 
the  earthquake  had  not  been  put  on ;  these  consisted  of  five  cross  beams  resting  on 
brick  pillars  and  running  N.W.— S.B.,  and  one  longitudinal  ridge-pole  above, 
rumiing  S.W.— N.E.  The  pillars  on  which  these  beams  rested  had  been  broken 
down,  and  the  beams  were  lying  on  the  floor  of  the  attic;  the  longitudinal 
beam  had  moved  5  feet  in  a  S.W.  direction  and  1  foot  8  inches  towards  N.W., 
the  cross  beams  had  moved  in  a  N. W.  direction  3  feet,  and  about  1  foot  6  inches 
to  S.W.    This  would  indicate  a  W.— E.  direction  of  wave  path. 

Mdgam  (Magaon). — Here  were  three  houses  facing,  respectively,  N.  3®  W.,  N.  8* 
W.,  and  N.  18^  W.,  the  walls  facing  in  these  directions  had  all  suffered  the  same 
damage,  viz.,  the  mud  which  was  used  to  fill  up  the  intervals  between  the  pHlars 
of  Qnhumt  bricks  had  fallen  outwards.  If  we  take  the  mean  of  these  three  direc- 
tions, we  obtain  N.  9**  W.  as  the  direction  from  which  the  shock  came. 

Makahama  (Harda  Maka  Nana), — At  this  place  the  walls  of  the  mosque, 
which  were  built  of  bricks  and  mud,  were  uninjured ;  but  the  pillars  of  brick-work 
above  the  walls,  which  were  apparently  intended  to  support  the  roof,  though  in 
this  case  they  did  not  reach  high  enough,  and  the  weight  of  the  roof  rested  on 
wooden  supports  at  the  sides  of  the  pillars,  were  damaged.  The  ends  of  the 
mosque  face  W.  17**  S.  and  E.  IT^*  N.,  the  middle  pillar  at  the  west  end  fell  out- 
wards and  the  three  middle  pillars  on  the  north  side  also  fell  outwards  and  one 
pillar  on  the  south  side  was  tilted  inwards.  This  indicates  a  shock  about  diagonal 
to  the  building  or  W.  28°  N.-E.  28°  S. 

Bopur, — The  fort  situated  on  the  right  bank  of  the  river  at  the  end  of  the 
bridge  was  considerably  damaged.  The  component  materials  were  rubble,  cement- 
ed partly  with  mortar  and  partly  with  mud.  It  was  a  square  building  with  a 
tower  at  each  cpmer,  the  towers  being  portions  of  octagonal  pyramids  built  on  to 
the  comers  which  point  N.,  S.,  E.,  and  W.,  and  in  the  middle  of  the  S.W. 
side  was  a  square  gateway  tower.  Inside,  on  the  ground,  there  were  several 
cracks  running  N.E.-S.W.  On  the  S.W.  side  the  top  of  the  gateway 
tower  fell  inwards ;  the  same  occurred  to  the  south  and  west  comer  towers  ;  on 
the  S.E.  wall  a  portion  fell  near  the  east  tower  in  a  S.E.  direction,  and  the  east 
tower  fell  entirely.  Several  portions  of  the  N.  W.  w  all,  and  a  considerable  portion 
o!  the  N.B.  wall  fell.  The  roof  of  a  small  hut  just  outside  the  gate  was  thrown 
off  to  S.  13^  E.,  bringing  down  the  walls  at  the  same  time.  All  this  indicatee  a 
shock  from  a  direction  somewhat  to  the  east  of  south. 

Qhika/r. — This  is  a  fort  situated  above  the  Jhelam  some  distance  to  the  south 


224  Heeords  of  tie  Oeologieal  Survejf  of  fndia,  [vol.  xtiii. 

in  the  neighbourhood  of  Garhi ;  it  is  built  of  rubble  and  mud,  with  horicontal 
wooden  beams  at  intervals  of  2  feet  and  a  mud  plastering  over  the  whole.  The 
building  is  square,  with  portions  of  octagonal  pyramids  forming  towers  at  the 
comers  and  in  the  middle  of  three  of  the  sides;  on  the  east  side  there  is  a  square 
gateway  tower.  A  portion  of  the  east  comer  of  the  S.E.  tower  fell  down 
towards  the  east  and  a  portion  of  the  N.W.  tower  fell  to  the  west.  This  gives 
an  E.— W.  direction  for  the  shock  at  this  point. 

Position  of  the  seismic  vertical, — Tabulating  the  above  we  get — 
Patak — 

Temple E.  22*  S.— W.  22»  N. 

Sbivagab — 

eherCiarhi E.— W. 

Sag:in  Darwazi W.  6*  30'  N. 

TRBhwan E.—W. 

QOVDIKALLBL^ 

Small  mud  hut 8.  W.— N.  S. 

HOOJIOOOND— 

Stable  ......  E. — W. 

Kaoba  E.—W. 

Maoam  (Magaok) N.  9**  W.— S.  9*  E. 

Makahaica— (Habda  Maka  Naka)  .  W.  28*  N.— E.  28*  S. 

CniKABFort E.— W. 

(SopUB  Fort S.,  some  degrees  E.) 

Plotting  these  directions  on  the  map,  we  find  17  intersections  within  a  circle 
of  4  miles  radius  round  a  point  quarter  a  mile  S.W.  of  Jampur,  12  miles  from 
Srinagar  in  a  westerly  direction  from  the  northern  end  of  the  city ;  and  21  intersec- 
tions within  a  radius  of  10  miles  round  the  same  point.  Considering  the  class 
of  buildings  from  which  the  observations  were  necessarily  taken,  this  gives  as 
accurate  a  determination  of  the  position  immediately  above  the  seismic  focus  as 
could  be  expected.  This  position  agrees  sufficiently  well  with  the  results  obtained 
at  Sopur,  which  were  not  plotted  owing  to  the  indefiniteness  of  the  indications. 

Residency  at  Srinagar. — The  walls  of  this*  building,  which  is  situated  on  the 
right  bauk  of  the  Jhelam  to  the  east  of  the  city,  were  fractured  in  such  a  way  ss 
to  indicate  a  shock  very  nearly  N.— S.  This  is  possibly  due  to  a  reflection  of  the 
shock  from  the  inlier  of  older  rocks  which  lies  to  the  east  of  the  town ;  but  as 
the  fractures  were  mostly  old  ones  that  had  been  plastered  up  previously,  they 
are  not  of  a  nature  to  give  satisfactory  indications. 

Ba^aTmda. — ^At  Baramula  also  everything  tends  to  show  that  the  shook  was 
there  N— S.,  walls  facing  north  and  south  being  overthrown,  and  those  facing  east 
and  west  fractured.  This  also  is  probably  due  to  a  reflected  wave  from  the  hills 
to  the  north  of  Baramula. 

Depth  of  the  seismic  /octM.— We  saw  that  at  Srinagar  the  angle  of  emergence 
was  32^.    Now  the  depth  of  the  focus  is  obtained  by  the  formula — 

d*  r  tiin.  e 

where  e  =  angle  of  emergence  at  any  point,  and.r  =  distance  of  that  point  from 
ihe  seismic  vertical,  we  have  therefore— 

d"12X  tan.  82° 

d*7'6  miles 
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.which  in  tha. abfienoe  of  other  data < from. which -the  ;depth  might  be  calculated i 
may  be  taken  as  an  approximation  .to  iihe  mean  depth  of  the  seismic  focus. 

Meizo^eiamal  area.-^The  greatest,  damage  has  been  done  over  an  irregularly 
elliptioal  asea,  that  long  axis  of  which  as>10  miles  and  the  short  axis  6  miles  long, . 
and  the  superficial  area  about  47  squave^  miles,  and  nearly  symmetrically  disposed 

about  ihb  seismic  vertical.    Within  this  area,  marked  by  a  broken  line  ( ) 

on  the  maps,  the  destruction  was  very  complete,  whole  villages  being  almost 
entirely  destroyed  and  many  lives  lost. .  Thia  cor^:^ponds  to  the  meizoseismal  area 
of  Mallet. 

First  isoseismotl. — The  areaioutside  this,  correspending.tp  Mallet's  first  isoseia- 
mal, .  includes  the  -  area  within  which  large  portions  of  villages  and  towns 
were  thrown  down  and  .persons  killed.*  This  is  included  by  a  •line  passing  east 
of  Srinagar  through  iMagaomsoath  of  Baramula  and  across  the  Jhelam  near 
Gingal,  them  passing  north  of  Sopur  and  round  again  to.  the  south  of  Srinagar. 
It  includes  an  area  of  about  500  square^  miles. 

Second  itoseismal. — Outside  is  again  another  area  of  about  3,000  square  miles 
including  those  places  from  iwhioh  slight  damage  to  buildings,  Ac,  is  reported 
to  have  occurred,  but  it  is  probable  that  even  within  this  areaithere  was  some 
Ipasol.life.  It  is  indicated  on  the  map,by  the  broken  line  passing  north  of  Gfurais, 
from  tl^noe  it.  passes  east  of  Titwal  on  the  Kisheugunga.  river,  west  of  Chikar, 
B0uth-«west  of  Bagh,  and  south  of  Ptinch,  at<or  neariall  of  which  some  damage  to 
buildings,  chiefly  forts,  is  reported.  From  Pdnch  to  Gurais  thisre.are  no  reports, 
^ndj^ihe  true  course  of  thb  line  is  uxicertain. 

Third  isoa^ispftL — This  is  a  large  area  :  including  the  place8^  where  the  shock 
IB  nported  tp  have  been  perceived! by  the  unassisted  senses,  viz,,  Peshawar, 
Qi%;it,  Si^a,  .Sab^thu,,Dalhou8ie,  Lahore,  &c. 

pi|t(^de  the  third,  isoseism^l  area  is  a  larger  are%  the  extent  of  which .  is  quite 
nnloiown. .  It  is  that  in  which  the  shock  might 'have  been  perceived  by  means  of 
properly  constructed  instruments. 

'BcftMdaccampanffing  the,  shock  and  preliminary  tremors, — A  sound,  which  is  vari- 
ous]^, described!  as-  re^emibling  distant  thunder,  a  dischargevof  artillery,  and  the 
noise*  caused  by  blasting,  opjsrations,  preceded  the  shock,  and  seems  to  have 
been;  nojticed  by.^paany  who^^ere  not v asleep  at  the  time;  but  no. preliminary 
^xpmofm  peem  to  have  attracted  attention. 

7}ransit  ,velocity  of  the  wave, — No  observations  of  the  time  at  vrhich  the 
shock  was  felt,  were  made  with  any  instruments  sufficiently  accurately  adjusted 
j^ta^ve  any  reliable  data  for  calculating  the  transit  velocity. 

Velocity  of  the  wave  particle^ — I  was  not  able  to  find  any;  objects  overturned 
or  projected  in  such  a  way  as  to  give  a  measure  of  the.  velocity  of  the  wave 
particle,  but  Qonsidering  the  class  of  buildings  which  have  escaped,  it  cannot 
have  been. very  great;  for  almost < the  whole  of  the  buildings  are  either  bad, 
ill-laid  and^iU-cemented  masoniy, x>r  simply  mud  structures;  and  we  know  thab 
a  horizontal  iv^locily  of  3  to  4  feet  per  second  is  sufficient  to  fracture  such  struc- 
tures.^ 

Landdips.iS^Y&nX  secondary  effects  of  the  earthquake  were  noticed. 

1  The  NeapolitoB  Eavkhquake  of  1857,  Mallet,  Vol.  II,  p.  846. 
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A  large  landslip  occnrred  at  Larri-dnr,  a  place  about  7  miles  south  of 
Baramnla.  This  village  was  situated  upon  a  hill  lying  N.W. — S.B.,  composed 
of  slightly  hardened  Karewa  ^  clays  resting  upon  sandstone  and  dipping  to  N.E. 
at  6°  to  10**.  Above  the  clay  is  surface  soil  of  varying  thickness.  The  upper 
30  feet  of  clay  and  surface  soil  has  slipped  along  to  the  dip,  exposing  a  fiesh 
smooth  surface  of  clay.  The  line  of  parting  ran  along  the  length  of  the  hill, 
and  a  fissure  has  been  formed  along  this  line  varying  in  width  from  30  feet  at 
the  S.E.  end  to  about  500  yards  at  the  N.W.  end,  and  with  a  length  of  about 
half  a  mile.  To  the  N.E.  of  the  narrow  end  of  the  fissure  another  slip  has  taken 
place  from  the  side  of  the  hill.  The  mass  of  clay  and  surface  soil  that  has  slipped 
is  all  piled  up  to  N.E.  of  the  hill  in  the  little  valley  situated  there,  and  all  the 
huts  that  lay  in  its  path  were  of  course  buried. 

The  slip  was  probably  due  to  the  presence  of  water  in  the  clay,  which  must 
have  accumulated  along  the  plane  of  bedding,  thus  producing  a  soft  water-satu- 
rated  stratum  over  which  the  upper  mass  would  readily  slide.  With  the  upper 
mass  thus  situated,  floating  as  it  were  on  a  layer  of  slime,  a  slight  shock  might 
be  quite  sufficient  to  fracture  it  and  cause  it  to  slide  by  reason  of  its  own  inertia. 

Fissures  and  sand  craters. — ^In  many  places,  as  at  Patau,  Dubgaon  (at  the 
junction  of  the  Jhelam  and  Pohra  rivers),  along  the  banks  of  the  river  at  and 
above  Baramula,  numerous  fissures  were  formed  in  the  alluvial  soil,  of  no  great 
width  (none  exceeding  a  yard  across)  and  all  running  roughly  parallel  to  river 
banks  or  else  across  the  slope  of  hills. 

In  the  neighbourhood  of  many  of  these  fissures  water  and  fine  sand  were  thrown 
out,  and  the  villagers  stated  that  there  was  a  strong  sulphureous  smell  given  off 
from  the  sand  for  several  days.  This  smell  was  probably  due  to  sulphuretted 
hydrogen  gas  (S.  H.^)  produced  by  the  slow  decomposition  of  the  strings  of 
vegetable  matter  imbedded  in  the  alluvial  soiL  In  one  case  at  Nila,  near  Patau, 
I  saw  an  inflammable  gas  without  odour  being  slowly  evolved.  This  was  probably 
marsh  gas  (G.  H  4)  or  one  of  its  homologues,  produced  in  the  same  manner. 

Effect  on  springs. — Several  springs  were  affected  by  the  earthquake,  the  flow 
of  water  being  increased  for  periods  of  time  ranging  from  a  few  hours  to  as  many 
as  eight  days. 

The  country  occupied  by  the  meizoseismal  area  is  entirely  composed  of  recent 
alluvium,  and  that  within*  the  first  isoseismal  line  is  almost  entirely  of  the  same 
character,  the  Karewa  bed'ii  (pleistocene  alluvium)  coming  into  the  N.W. 
of  the  area  in  the  neighbourhood  of  Baramula,  and  down  the  river  below 
Baramula  the  alluvial  deposits  are  underlaid  at  a  short  depth  by  the  more  in- 
durated rocks  of  the  Panjal  system,  which  also  appear  to  the  east  of  Snnagar. 

Subsequent  shocks.^lhe  slight  shocks  subsequent  to  the  great  one  continued 
at  intervals  up  to  as  late  as  August  16th,  on  which  date  there  was  a  shock  at 
about  7  A.M.,  since  that  time  I  have  seen  no  reports,  though  the  shocks  probably 
continued  to  a  much  later  date. 

Desirability  of  erecting  seismometers, — In  a  country  like  Kashmir,  subject  as 
it  is  to  earthquake  shocks  at  frequently  recurring  intervals,  it  would  be  highly 
desirable,  especially  in  the  absence  of  buildings  suitable  for  seismological  observap 

1  Old  lacustrine  or  fluviatile  deposits  now  eroded  into  plateaus  and  terraces. 
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tiong,  to  have  at  one  or  more  stations  seismometers  erected,  and  should  this  for 
any  reason  be  found  impossible,  it  might  still  be  practicable  to  erect  at  several 
points  masonry  piUars  surrounded  by  a  rough  wood^i  fence  and  placed  in 
tsharge  of  the  headmen  of  the  villages  if  necessary,  which,  if  overthrown  or 
fractured  by  an  earthquake  shock,  would  to  a  great  extent  supply  the  place  of 
ordinary  seismometers. 

In  conclusion,  I  would  thank  Colonel  Sir  O.  St.  John,  E.C.S.I.,  B.E.,  the 
officer  on  special  duty  in  Kashmir,  and  all  the  officials  of  His  Highness  the  late 
Maharaja  of  Kashmir  and  Jamu  with  whom  I  came  in  contact,  for  the  assistance 
rendered  me  during  my  stay  in  Kaahmir  and  without  which  it  would  have  been 
almost  impossible  to  carry  on  the  investigations. 


Note9  on  the  results  ofhlB^  H.  B.  Footers  further  eoRcavations  in  the  Billa  Surgam 
Caves,  by  B.  Bbtjcb  Foots,  F.G.S.,  SuperintendetU^  Qeohgioal  Survey  of 
India. 

The  further  exploration  of  the  Billa  Surgam  bone  caves  during  the  season 
1884-85,  by  Lieutenant  Foote,  B.A.,  have  been  rewarded  with  a  rich  collection  of 
fossil  bones,  together  with  many  traces  of  the  contemportoieous  existence  of  man  in 
the  form  of  rather  rude  bone  implements  and  other  cut  bones  of  great  interest. 

Lieutenant  Foote  resumed  work  at  Billa  Surgam  in  December  last,  and  conti- 
nued at  it  till  the  end  of  May.  Previous  to  his  return  to  military  duty,  he  spent  a 
few  days  with  me,  assisting  me  in  unpacking  the  collections  he  had  made,  and 
explaining  various  points  connected  with  his  work.  He  subsequently  drew  up 
an  interesting  report  of  the  work  effected,  much  of  which  will  be  quoted  fur- 
ther on. 

With  reference  to  the  condition  in  which  he  found  the  caves  on  his  return  in 
December  (1884),  he  reported :  **  1  found  everything  just  as  I  had  left  it  at  the 
end  of  May  previous.  The  nortii-east  monsoon  having  failed,  the  spoil  banks 
were  untouched,  so  I  could  not  judge  whether  the  stream  which  flows  through  the 
oaves  in  wet  weather  is  of  any  size." 

"  On  first  re-oommencing  operations,  I  determined  to  finish  off  the  layer  C  c 

in  the  south  corner  of  the  Cathedral  cave,  and  also  the 
w^L  ^nt^f"  ^     remaining  cave  earth  in  the  Chamel  House  before  pro- 

oeeding  to  excavate  over  the  whole  area  of  the  Cathedral." 

**  When  the  Chamel  House  cave  was  finished,  as  I  had  as  many  men  at  work 
in  the  Cathedral  as  1  cared  to  have,  I  set  the  Chamel  House  gang  to  dig  in  the 
amaU  cave  which  opens  into  Chapter  House  on  the  side.  The  results  obtained 
will  be  given  further  on. " 

Mr.  Henry  Foote  further  examined,  at  my  special  request,  the  little  grass-grown 

patch — "  the  garden" — on  the  clifb  above  the  north  Chapel 

cave,  as  it  seemed  a  very  likely  place  to  have  been  resorted 

to  by  possible  cave  dwellers  as  a  strong  terrace  well  suited  for  cooking  and  for 

basking,  and  whence  they  could  keep  a  good  look-out  against  sudden  attacks  from 

enemies.    The  little  terrace  was  completely  dug  over  down  to  the  rock,  but 
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yielded  nothing  of  interest.    No  further  ezcayation  waff^attempted  in  the  Pvga- 
tory  cave. 

The  seoonid  series <if  excavations  made  in  the  Cathedral  cave  "was  &iiic1l  less 

easy  to  effect  thai\  the  first,  as '  he  had  to  contend  with 

.  thf  Ga^^^?'^''"'  ^     P^**  ™^^®  ^  ^"^  stalagmite,  mnch  x)f  which  had  to  be 

blasted,  while  therest  was  broken  tip  with  cold  chisels. 
The  excavation  <^f  the  wh6le  area  of  •  the  Cathedral  cave  ^ was  effected  to  a 

d^pth  of  !l6  feet,  and  in  the  sonthem  comer  la  wide  shaft 
pa^«d  chJS^"     ^^  »«°k  to  a  further  depth  of  21  feet,  miij^  a  tobJo! 

87  feet  from  the  original  surface.  The  sinking  of  this 
shaft  revealed  the  existence  of  a  passage  opening  from  the  south.  TEiis  passage, 
to  which  the  name  of  the  ^*  Corridor  "  was  given,  was  followed  np,  and  at  a  dis- 
tance of  55  feet  southward  of  its  mouth  v  was  found  i  to  leatd'iato  another  icgcr 
;  passage  running  east  and  west. 

On  the  south  side  of  this  east •tan'd' west  passage,- and  opposite  to^  the*  moutti 

of  the  Corridor,  another  passage  was  found  runaiag'  soath 
apparently,  but  for  want  ofi  time  not  excavated. 
The  east  and  west  passage  formed  a  domed  chamber,  measuring,  before  the 

excavation  of  its  floor  was  commenciBd,''25  feet  by '12  feet, 
with  a  height  of  10  feet  in  the  centre.  A)  large  fine  stalactite 
hung  from  the  centre,  and  below  it  was  a  large  mass  of  stalagmite,  the  off-flowef 
calciferous  water,  from  which  had  formetd-ia  stalagmite  crust  from  '^  tod  inch 
thick  over  the  door  of  the  chamber.  At 'the  ^eastern  extremity  of  thetshamher 
'  the  roof  of  the  cave  sloped  down  to  about  2  feet  from  the  •  floor, -and  here  ooeirrdd 
**  a  perfect  forest  of  most  beautiful  little  stalactites,  some  forming  ddlioate  little 
pillars,  others  branching  off 'into  tree-like  forms  as  ramified  as  the  most  elaborate 
corals."  To  this  chamber  Lieutenant  Foote  gave  the :  name  of  the  **  Fairy  CShaa- 
'  ber "  after  the  beautiful  little  cave  at  Caldy,  in  Pembrokeshim,  <so  graphically 
described  by  Professor  Boyd  Dai^kins  in  **  Cave-hunting.^'  The  weftterm^nd  6f 
the  '*  Fairy  Chamber  "  was  filled  with  cave  earth,  which  proved  yrerptiA  in  good 
specimens,  as  did  also  that  in  the '"' Corridor."  The  atmosphere '  in  €ke  Fairy 
Chamber  was  extremely  close  and  steamy,  and  it  was  impossible  to  be  in  it  for 
many  seconds  without  being  bathed  in  perspiration. 

The  series  of  beds  exposdd  during  the  excavation  of  the  Cathedral  cave 

iis  given  below  in  tabular  form.     The  several  layers  in 

.  CaS^X*  ^^  ^  ****    ^^^^  ^^^  ^'^^<^^^  ^ds  were  taken  out,  and  the  marics 

with  which  their  fossil  contents  were  registe^^d^  are  also 
^  shown : — 


The  Fairj  Chamber. 


Q.  Surface,  or  bafs  dnng,  bed  . 

8.  Grey  tandy  bed,  with  some  bat* s  dong 

'7.  Stulagmite  in  irregular  masses 

6.  Red  sandy  cave  earth  . 

C  ezcRyated  in  . 
5.  Stiff  red  clay       .  <  three  layers  6f 

CS'each. 

(4.- Stiff  dark  marl    .... 


C 
0 

Ca 


Avenge  thickness 


[:  5) " 


8' 

a' 

8' 

8' 
8' 
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8.  Dark  loamy  marl          .         •                 .     C  h  «    ft' 

2.  Grey  marl [.'I  1]  ^      '         '  '    ^ 


l;ai«ymrl  .        .        •  •{i,^}'^ 


8' 

8' 


*  Of  ibbe  above  lonnflitioiiB  everTtlnxig'down  ia  &e  base^ofS  (C'd)' was  entir^j 
I  removed,  and  tbe  nnderlyinn^  formations  were  exposed  in 'a 'wide  shaft- sank  in  the 
^sonthcomer  of  tbe  oave  (to  a  depth  of '87  feet  from  thesar&ce) ;  theaverage  thick- 
ness oi  the  mass  r^oiovM  •over  the  whole'area  of  the  cave  was'  16  feet.    Tbe  beds 
Nshowed  a  general  low  dip  >nortb*we8twa]M[. 

«Witb  reference  to  tbe  surface  (bat's  'dung)  bed, '  Lieutenant  Foots' frtaites : 

sQmAM.  vAii  **  ^^®  ^^  varidd  very  much  in  thibkness,  being  4  feet  thick 

behind  the  high*  altar  and  only  '1  foot  thick  on  the  nortb 
^froni  of  tbe  cave/  btt  it  increased  again  >on  the  sonUi  front,:  until  behind  some  of 
the  stalagmite  masses  in  front  of  the  high  altar  it  atfcaindd  «a  thibkness  of  6  feet. 
>There  were  many  small  bones  in  it,  moBt*of  whicb  bad  lost  their^gelatine." 

« Of  the  upper  bed  of  g^y  sandy  cave  earth  (C,)^  be  remarks  it"  is  muohi  infil- 

trated  in  places  with  oolouring  matter,  and  at  theiopia 

good  deal  mixed  with  bat's  dung — in  fact  to*  the.  presence 

6fiihe  lafcter -I-i  attribute' the  :gr.ey«  colour  of  the  earth,  which  would ''Otherwise 

have   been  nearly   white  t  from  calcareous  infiltration.    The  stratification  was 

"very  indistinct.     There  were  very< few! large  bonesi found,  but  plenty  of  smaill 

oneSy  which  had  all  lost  their  gelatine  but  were  not  mineralized.** 

'  *\  Before  excavating  the  next  layer  (0  a),  I  had  to  remove  tbe  barrier  of  stal^- 

.^^.  mate  across  the  cave ;  the  softer  blocks  I  broke  up  with 

^^^  *         oold  chisels,  but  the. great  m^rjorityiihadito  be  blasted; 

'  and  in  all  Iremoved  some  50  tons  of  rock«" 

"  C  a,  as  I  tevmed  themezt  layer  of  earth,was  a  rdd^ sandy  bdd*M)out  one  yard 

'-  thick,  but  in  the  front  of  the  cave  it  was  considerably 
^  ■  thicker  in  places  owing*  to  the  stream  (flowing  from  tbe 

back  of  the  cave)  having  scooped  out  channels  in>  the  underlying  red  clay  whicb 
were  filled  up  with  the  sandy  'bed." 

^'Tbisbed  partly  underlies  the' high  altar,  aiid  Also  contains  a  good  many 
blocks  of  limestone — in  fact  in  front  of  the  altar  it  was  entirely  replaced  by  the 
basement  blocks  of  the  stalagmite  barrier  which  here  form^  a  regular  floor. 
Many  of  these  blocks  of  stalagmite  are  in  iUu^  and  as  they  are  of  large  size, 
(some  beiqg  4  or  5  feet  high),  the  underlying  cave  earth  (C  b)  must  be  of  great 
age,  as,  owing  io  the  very  dense  nature  of  the  greater  rpart  of  these  blocks,  they 
must  bave  been  formed  slowly." 

Bef erring  to  the  red  clay  bedfC  oj  ,  Lieutenatit  Foote  writes: — "Another 

1^^  fact  which  points  to  the  graatage  of  thisrclay  bed  is  that 

tSad  C  e.  its  suifaoe  is  oevered  with  a  regular  pavement  of  fallen 

^  blocks  of  limestone;  and  as  most  of  them  are  small,  they 

would  seem  to  be  rather  tbe  result  of  the  slow  breaking  up  of  the  xoof  owingr  to 
weathering  than  of  any  sudden  disturbanoe  of  tbe  rook  by  earthquakes. 
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The  layer  C  o  of  the  red  clay  was  found  to  be  very  rich  in  teeth  in  places,  but 

yery  poor  in  front  of  the  high  altar.     Like  the  OTerlying 
^  layer,  this  becomes   much  more  sandy  as  it  goes  back 

behind  the  high  altar ;  and  as  it  becomes  more  sandy,  so  are  the  large  bones  and 
teeth  replaced  by  small  ones.  With  regard  to  these  beds  being  rich  in  some 
parts  in  small  bones,  which  are  almost  entirely  absent  from  them  in  other  parts, 
I  would  suggest  that  it  is  most  likely  owing  to  the  bed  being  higher  behind 
the  high  altar  than  elsewhere,  it  might  therefore  haye  been  high  and  dry  there 
when  the  other  parts  were  under  water,  and  consequently  it  would  have  been 
chosen  as  a  resting-place  by  the  owls,  &c.,  which  came  to  make  their  castiiigs  in 
the  cave. 

The  surface  of  the  underlying  dark  marl  bed  ^C  ^  was  found  to  have  been 

scooped  out  by  stream  action  to  a  depth  of  some  2  to  2^  feet ;  and  where  this  had 
been  the  case,  the  overlying  red  clay  was  by  so  much  the  thicker  than  elsewhere. 
The  excavation  of  G  d  brought  to  light  the  mouth  of  the  Corridor  passage  leading 
southward  into  the  Fairy  Chamber,  into  both  of  which  the  red  clay  extended  and 
maintained  its  character  for  richness  in  fossil  remains. 

C  d  yielded  nearly  all  the  important  large  bones  found,  and,  excepting  C  b, 
was  richest  in  small  bones  as  well.  Of  cut  bones  C  d  yielded  nearly  twice  as 
many  as  all  the  other  beds  together. 

The  several  beds  penetrated  by  the  shaft  sunk  by  Lieutenant  Poote  after 
clearing  out  the  whole  of  C  d  and  all  above  it,  were  of  much  less  interest  than  the 
red  clay  above  them,  from  the  fact  that  they  yielded  but  few  good  bones  and 
teeth,  most  of  the  tolerably  numerous  fossils  being  fragmentary. 

In  this  respect  the  lower  half  of  the  dark  marl  bed 

Bed  C  S*  (^  f )  was  better  than  the  upper,  which  contained  little 

but  fragments  of  teeth,  many  being  parts  of  molars  of 

Bhinoceros. 

The  underlying  dark  loamy  bed  Gh  was  fairly  rick 

^^  in  small  bones,  amongst  which  many  belonging  to  diferent 

genera  of  birds. 

Of  the  remaining  beds,  C  i  and  C  j  became  increasingly 

C  .*  poor  in  bones,  while  C  k  and  C 1  are,  to  all  intents  and 

Q  k.  purposes,  sterile,  so  much  so  that  Lieutenant  Foote  does  not 

consider  them  worthy  of  further  exploration. 

In  the  front  portion  of  the  Chamel  HoDse  cave,  where  Lieutenant  Foote  had  in 

his  first  exploration  reached  a  depth  of  27J  feet,  he  descended  through  8  feet  of 

stiff  grey  marl  to  the  bottom  of  the  cave  at  a  total  depth  of  35^  feet  from  the 

original  surface.    No  bones  were  found  in  this  grey  marL 

At  the  eastern  or  inner  extremity  of  the  Chamel  House  the  passage  widened  out 

somewhat  as  foUowed  eastward,  and  at  the  crossing  of  two  master- joints  in  the 

limestone  formed  a  star- shaped  well  (in  plan),  from  which  18  feet  of  stiff  red-clayey 

earth  had  been  removed.     At  a  depth  of  27  feet  the  passage  widened  out  in  the 

cross  joint  and  could  have  been  entirely  cleared ;  but  as  this  would  have  involved 

costly  timbering  to  shore  up  the  sides,  and  the  cave  earth  was  very  sterile,  Lieute- 
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nant  Foote  judged  it  wiser  simply  to  sink  a  pit  in  the  centre  of  the  tere,  wluch  was 
from  5  to  6  feet  wide.   The  sinking  was  effected  in  depths  of  a  yard  each  till  a  depth 
of  58  feet  6  inches  was  reached  when  the  passage  contracted  suddenly  from 
5  feet  to  6  inches  and  could  be  followed  no  further. 

The  results  obtained  by  the  excavation  of  the  little  cave  on  the  south  side  of 
the  Chapter  House  were  small,  the  only  point  of  real  interest  was  that  of  a  large 
human  molar  in  a  bed  of  red  cave  earth  about  4  feet  below  the  surface,  the  only 
human  bone  found  anywhere  in  the  true  cave  earth.  The  red  cave  earth  was  over- 
laid by  black  gravel  from  1  to  If  foot  thick. 

A  remarkable  fact,  not  easy  of  explanation,  is  the  almost  total  absence  of  the 

Aiuum      f  knii  skulls  of  the  auimals  whose  bones  are  met  with  in  the 

caves.  With  the  exception  of  two  or  three  tolerably  per- 
fect skulls  of  bats  which  live  in  the  cave,  no  entire  crania  or  large  fragments  of 
crania  were  found,  though  many  mandibles  or  rami  of  mandibles  with  or  without 
their  teeth  were  met  with,  from  those  of  Rhinoceros  down  to  those  of  minute  shrews 
and  rodents,  ho.  Teeth  of  many  genera,  especially  ruminant  and  rodent,  wer« 
obtained  in  considerable  numbers,  and  mostly  in  excellent  preservation. 

A  fairly  large  number  of  genera  not  found  during  the  first  exploration  have 
now  to  be  added  to  the  preliminary  list  of  the  cave  fauna,  especially  among 
minute  mammals,  birds,  and  reptiles. 

The  working  out  of  the  remains  obtained  at  Billa  Surgam  will  furnish 
materials  for  a  very  valuable  chapter  on  the  prehistoric  fauna  of  South  India, 
though  the  anthropological  results  so  far  obtained  are  rather  disappointing  from 
their  negative  character. 

The  foUowing  is  a  tentative  preliminary  list  of  the  fauna  of  Billa  Surgam,  in- 
cluding some  additional  forms  not  found  in  the  first  oolleo- 
^^liminiiiy    liit   of     ^^^  ^^^^^     ^j^^    j^^^^  ^  asterisk  prefixed  to  their 

names. 

MAMMALIA. 

^     Presbytia  (Semnopithecus)  priamns  F 

MacacQB?  ip. ttj\^9  (jt^)^*^* 

^  Cbixoptera,  seyeraL    -^  ^  y^ 

--  8orez  tp.,  gmalL 

c  TapaiaP  sp.,  small. 

^^XTrsasP  sp. 

^    Felis  ligris. 

0    Do.  pardasP 

"     Do.  sp.,  medium  sised* 

^    Do.  sp.f  small.  ^ 

•  Viyerra  sibetha  P        ^  h.'  Jj^  • 

0*  ParadoxornsP 

^  Herpestes  griseas  ?       ^     ^  ^/* 

^  Canis  s^ ,-— //^  ^  ka^ 

-^    SciaraaP 

-    Miissp.  (.^/  i.,vcl  t- 

"  •  Nesokia  sp.  ' 

^    Hystrix  leocurus. 

•^   LepQS  sp. 


I  ^ 


tSi 


Stfrid  <ff  thi'QteUgieal  Sunqi'Xjf  ItMa.-        [tw.  xrin; 


v^»r 


^ .  Lici 


to 


BhinoeerM  ip.  ?  jamniens.   A  potsiUU  lacood  (rawUer)  Bpecies  \%  "Suggested  bj.diloenee 

in  sise  sod  skape.of  posterior  apper  molmv* 
Eqnus  sp.,  large. 
Do.    sp.  ?  smalLi 
8aa  indicus. 
iBitsa  aristoulis. 
Axis  maoaUtas. 
Cenmlns  aureos  ? 
Memimna. 

Antilbpe  baxoartica  F      - 
Gazella  beonettii  ? 
Fortes  pletaa. 
GapraP 
OvU? 
Bos  sp. 
GarsnsP 
Hsnis  pentajdaotyla. 

AYBS. 

Genera  belonging  to  the  orders  GraUatores,  *  Basorss, 
Scattsores  ?,  *  Insessores,  and'Baptores. 


AMPHIBIA. 


BRFTILIA. 

Crocodilns  sp. 
Yaranns  dcae«iia.> 
Agama? 
Lacerta? 
•  Ophidia,  several  sp. 
/  •  Emjs  sp. 

r   \  •  Fnelone  sp. 

Bana  sp.,  small. i 
Ditto  sp.,  verj  larger 
BafoP 

In  their  mode  of  occusrenoe,  thebonee,  d^!.,  collbctod  during  Lieutenant  Footers 
second  season  presented -tke  same  features  as  >tboBe«  of  the  first.  Mosttofitbe 
bones  and  teeth  occurredv  detached,  and  many,  of  themi  had  becai  cut  or  broken 
before  being  entombed  in.  the  several  caves.  Of  the  few  lai^  .bones  foundi  the 
most  important  belong  .to  the  genera  BhinocenMS  Bos,  and  Eqiins. 

Of  the  larger  teeth  collected,  there  are  a  fair  series  of  Rhinoeeros  and  EquoB. 
Of  ibovine  ruminants,  of  Sus  and  Hjstrix  many  teeth  were  collected.  Yeiy  large 
qi^tttities  of  small  bones  left  in  the  caves  bj,  birds  of  prey  making,  their  castings 
weret found  in  almost  cdl  thO'layers  of  cave  eavtili  removed,  as  wss -the  case  in  the 
earlier  excavations. 

As -before,  no  traces  wereifdund  of  the  continued  residence  of  man  or  o5  laxge« 
No  signs  of  continned  <»rmvora  in  any  of  the  caves.  No  cooking-plaoos  of  aay 
residence  of  man  or  large  sife  were  found,  though  here  and  there  scraps  .of  charcoal 
animala.  ^j.  ^  little  ashes  occurred,  nor  was  any  pottery  met  with  in 

any  of  the  lo^^r  lying  beds.  Only  very  few  calcined-  or  charred  bones  were  fomid, 
and  they  were  im  the  superficial  deposits  of  the  Cathedral  and  Purgatory.  ' 

As  in  the  Chamel  House  the  bones  found  in  the  Cathedral  were  washed  in 
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from  behind  through  passages  commanicating  with  the  surface  of  the  plateau , 
above,  and  the  main  stream  flowing  through  the  body  of  the  Cathedral  cailon 
seems  to  have  deposited  only  barren  strata  of  suidy  and  stony  character. 

Of  the  streams  which  filled  the  Cathedral,  one  flowed  in  from  the  east,  enter- 
ing the  apse  close  to  the  north  side  of  the  high  altar,  the  other  entered  from  the 
south  through  the  Corridor.  It  is  not  improbable  that  another  passage  enter- 
ed the  apse  of  the  Cathedral  from  the  south-east,  but  is  now  hidden  by  the  great 
stala^mitic  mass  of  the  high  altar. 

Of  the  cut  bones  a  considerable  number  are  so  shaped  as  to  necessitate  the 

conclusion  that  they  were  fashioned  for  special  purposes  ; 

others,  and  they  are  much  more  numerous,  though  often 

elaborately  out,  are  so  vaguely  shaped  that  it  is  hard  to  conceive  their  having  been 

prepsjred  for  any  definite  object ;  they  rather  suggest  the  idea  that  their  fashioners 

were  simply  amusing  themselves  as  they  whittled  them. 

Besides  these  trimmed  bones  most  of  the  large  bones  found,  and  many  of  the 
N  luiMmni     k  h  smaller  ones  as  well,  show  signs  of  man's  agency  in  having 

been  cut  and  scraped,  and  often  to  a  great  extent. 
All  the  large  bones  had  been  set  aside  and  registered  as  they  were  exhumed 
in  the  caves,  also  a  large  number  of  smaller  bones  and  teeth ;  but  a  more  careful 
examination  of  the  numerous  parcels  of  small  bones  brought  from  Billa  Surgam, 
which  examination  could  not  be  undertaken  on  the  spot,  has  yielded  many  hun- 
dreds more  of  important  bones  and  teeth  and  cut  bones  of  medium  and  small  sizes. 
There  can  be  no  doubt,  however,  that  yet  many  more  will  reward  the  exhaustive 
examination,  to  which  they  will  have  to  be  submitted  by  the  pal-osteologist,  by 
whom  the  whole  series  of  '  finds '  is  to  be  workod  out  finally. 

A  census  of  the  selected  and  registered  specimens  shows  them  to  number 

4,700  in  round  numbers,  of  which  3,000  are  bones  or  teeth 
..£!«^*/  ^  ^^^     and  the  rest  cut  and  trimmed  bones.      Of  these  latter 

some  200  may  be  considered  to  represent  real  implements 
prepared  with  a  definite  purpose.  Of  the  remainder  it  is  hard  to  say  with  what 
object  they  were  trimmed  into  the  shapes  they  now  show. 

None  of  the  implements  with  which  the  cuttings  were  effected  were  met  with 
Cottingt      probably     "^  *^®  caves,  but  from  the  peculiarity  of  the  cut  surfaces 
effected  with  stone  im-     which  are  very  scratchy,  not  clean  and  smooth,  it  is  difficult 
plements.  ^  resist  the  inference  that  the  implements  used  were  not 

made  of  metal  but  of  stone.  The  cuts  show  that  the  implements  were  used  much 
more  with  a  sawing  or  heavy  scraping  action  than  with  a  chopping  one»  Kone  of 
the  bones,  so  far  as  I  have  examined  them,  show  the  splitting  off  of  chips  beyond 
the  cut  which  invariably  accompanies  the  action  of  heavy  metal  implements. 

Bones  showing  the  marks  of  teeth  of  camivora  are  not  very  numerous, 
nor  do  many  show  the  grooved  markings  made  by  the  teeth  of  rats  and  other 
rodents. 

Ab  stated  above,  no  stone  implements  were  found,  though  Lieutenant  Foote, 

who  is  quite  familiar  with  such  antiquities,  devoted  very 
^J^itone  implement.       ^p^ j  attention  to  the  search  for  them  and  examined  t>er. 

sonally  many  thousands  of  stones  turned  up  during  the 

I 
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excavations,  besides  exhibiting  typical  implements  botli  jMLlflBoUtliic  and  neolithic 

to  his  diggers.     One  possible  implement  may  be  admitted  in  the  shape  of  a  tiny  tri. 

angnlar  flake  of  transparent  qnartz  fonnd  by  Lientenant  Foote  daring  his  first 

season  at  the  caves.     Snch  flakes  have  nnqnestionably  been  converted  into  driiis 

by  neolithic  and  other  peoples. 

Among  the  worked  bones  shaped  for  specific  purposes, 
Character  of  bone  im-       xi.    j?  ii      •       *  x    -l  •  ^ui 

plements.  *^®  following  forms  appear  to  be  recognizable : — 

Awls. 

Arrow  heads,  onbarbed. 

Ditto  with  one  barb. 

Spear  or  harpoon  heads,  small. 
Dagger. 
Scnper  knives. 
Scrapers. 
Chisels. 
Gouge. 
Wedges. 
Axe  heads. 
Sockets,  doable,  large  and  small. 

Ditto,  single. 

The  most  remarkable  of  these  implements  is  the  gouge,  already  described  in 
my  second  paper  on  the  caves,  and  the  dagger  which  is  made  of  the  calcanenm 
of  some  large  (ruminant  ?)  aniinal.  The  calcaneum  proper  is  the  handle,  and 
the  narrow  blade  of  the  implement  is  cut  out  of  the  united  fibula  and  tibia.  It 
would  be  a  formidable  weapon  in  the  hand  of  a  strong  man. 

None  of  the  supposed  arrow  or  harpoon  heads  show  more  than  one  barb,  which 
appears  always  to  be  basal,  but  a  number  of  them  are  rudely  waved  as  if  antici- 
pating the  Malay  Kriss.  The  supposed  whistle  is  a  digital  bone,  apparently 
of  an  antelope,  of  which  the  distal  end  has  been  cut  off.  It  is  not  an  effective 
whistle,  and  might  very  possibly  have  been  intended  as  a  handle  to  some  small 
boring  implement. 

These  cut  bones  are  being  sent  to  Europe  together  with  the  other  cave  trea- 
sures, as  no  collections  of  prehistoric  bone  implements  exist  in  India  with  'which 
to  compare  them. 

A  single  cylindrical  bead  fairly  well  shaped,  made  of  some  dark  brown  material 
(possibly  bone),  was  found  in  the  upper  layer  of  cave  earth  C  in  the  Cathedral 
cave ;  it  was  associated  with  numerous  bones  but  no  other  articles  of  human  work- 
ship.  The  perforation  of  the  bead  is  well  drilled,  and  the  aperture  at  each  end 
slightly  enlarged  by  the  use  of  a  larger  sized  drill. 

It  IS  impossible  to  describe  these  implements  more  fully  unless  they  were 
figured,  which  I  trust  they  will  be  in  the  f  uU  memoir  to  be  drawn  up  about  the 
Kumool  caves. 

As  to  further  explorations  of  the  Billa  Surgam  caves,  I  think  the  excavations 

should  certainly  be  continued  so  far  as  to  remove  the  re- 
explowSS!'*^^'  *"^^     mainder  of  the  red  clay  C  d  from  the  Corridor  and  Fairy 

Chamber.     Further  exploration  of  the  Billa  Surgam  and 
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other  caves  should  be  carried  out  bj  a  prehistoric  ArcheBological  Survey  De^^art- 

ment,  for  which  there  is  a  very  large  field  of  work  in  the  south  of  India. 

Several  other  caves  being  known  by  report  in  other  parts  of  the  Kumool 

^^,  .  .^  ,  District,  of  which  it  was  desirable  to  have  some  positive 

Otiidr  caves  Tuuted. 

information,  Lieutenant  Foote  and  I  devoted  the  Christ, 
mas  week  (1884)  to  visitiog  them.     The  following  caves  were  seen  by  us : — 

1.  A  group  of  small  caves  lying  3  miles  north  of  BiUa  Surgam,  and  known  as 
the  Boganpalli  caves. 

2.  Two  small  caves  lying  south-west  of  Owk^  in  the  south-western  part  of  Koil- 
kuntla  Taluq. 

3.  A  little  cave  in  the  centre  of  the  villaj^  of  Billam,  in  Banaganpalli  State, 
and  exposed  at  the  bottom  of  a  well. 

4.  A  large  and  important  cave  about  a  mile  south-west  of  Billam  village. 

5.  A  deep  well-like  chasm  into  which  a  long  flight  of  steps  descends  to  the 
sacred  spring  of  "  Nela  Billam/'  about  6  miles  north-east  of  Tarpatri.  The  two 
Owk  caves,  the  little  Billam  cave,  and  the  *'  Nela  Billam  "  cave,  are  full  of  water 
in  their  lower  passages  as  far  as  we  could  explore  ;  but  the  great  Billam  cave  is  in 
wet  weather  a  subterriEUiean  water-course  traversed  by  a  furious  torrent. 

Two  other  caves  west  of  Gorlogunta,  near  Billa  Surgam,  were  visited  by  Lieu- 
tenant Foote  early  in  1884.  Of  all  these  caves  the  Boganpalli  group  alone  seems 
to  promise  good  results  to  future  explorers. 

In  conclusion  I  would  remark  that  Lieutenant  Foote  carried  out  his  work  with 
great  zeal  and  tact,  and  no  little  devotion  to  ^uty,  for  he  was  working  in  a  deso- 
late out-of-the-way  valley  out  of  reach  of  civilisation  and  all  society.  For,  except- 
ing myself  for  a  few  days,  he  saw  no  European  for  months  together,  which  is  no 
small  trial  to  a  young  man  fresh  from  all  the  gaiety  and  life  of  Bombay. 

Besides  the  excavation  work  Lieutenant  Foote  took  a  number  of  very  success- 
f  al  photograpbs  of  the  Billla  Surgam  and  other  caves  which  he  had  not  been 
able  to  do  with  the  large  wet-plate  camera  lent  him  by  Oovemment  during  his 
first  season. 


On  the  mineral  hitherto  known  as  NepauHte,  by  F.  B.  Mallet,  Superintendent, 

Oeological  Survey  of  India, 

In  1853  a  rather  large  collection  of  rocks  and  minerals  from  Nep&l  was 
presented  by  General  Jung  Bah&dur  to  the  Asiatic  Society  of  Bengal.  The 
greater  part  of  these  were  found  by  Mr.  H.  Piddington,  Curator  of  the  Society's 
Museum  of  Economic  Geology,  to  be  of  no  value,  but  one  ore  attracted  his  atten- 
tion as  being  unfamiliar,  and  was  subjected  by  him  to  examination  and  analysis.^ 
The  mineral  was  said  to  have  been  found  in  considerable  quantities  not  far  from 
Khatmandu,  and,  being  easily  fusible,  to  have  been  used  for  casting  into  cannon 
balls,  which,  however,  flew  to  pieces  on  being  fired.  Mr.  Piddington  described 
the  mineral  as  a  carbonate,  mainly  of  bismuth,  copper  and  iron,  and  pronouncing 

'  Jour.  As.  Soc.  Bengal,  Vol.  XXIII,  p.  170. 
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it  to  be  a  new  species,  gave  it  tLe  name  of  *  Nepanlite/  from  the  country  whence 
it  had  been  sent.    The  analysis  given  by  him  is  as  follows : — 

XeUlUe 
wboat 

Rqlpliar I'GO 

Silex SeO 

Carbonate  of  Protoxide  of  Bimuith  ....  84BO        24'6 

Carbonate  of  Ccmper 2:S-96      14*40 

Per-Carbonate  of  Iron 25*62        9*21 

Ox :  Cerium 9-40 

Lanthannm? 2*80 

100-78 
Also  traces  of  silver. 

Mr.  Piddington  described  the  mineral  as  having  a  metallic  Instre.  **  In  eziernal 
■appearance  it  resembles  exceedingly  some  of  the  varieties  of  granular  and  massire 
plumbago,  or  antimonial  ores,  which,  at  a  first  glance,  and  where  the  quartz 
matrix  has  no  blue  stain,  it  might  well  be  mistaken  for.  The  fresh  fracture  is  of 
'Course  somewhat  brighter  and  more  steely  than  the  old  surface,  which  like  that 
of  the  plumbago  ores  is  of  a  duller  black,  though  always  with  a  good  metallic 
glance."  But  he  makes  no  allusion  to  the  remarkable  peculiarity  that '  Kepaalite  * 
differed  in  this  respect  from  all  previously  known  native  carbonates,  the  lustre  of 
which  is,  without  exception,  non-metallic.  This  fact  was  in  itself  sufficient  to  cause 
.some  suspicion  as  to  the  correctness  of  the  analysis  given. 

In  1866  the  geological  and  mineralogical  collections  of  the  Society  were 
handed  over  to  Government,  and  in  1876  were  transferred  to  the  Geological  Ma- 
seum.  During  the  arrangement  of  our  economic  oollections  I  submitted  the 
specimens  in  question  to  an  examination,  which,  though  very  partial,  was  sufficient 
to  prove  that  the  ore  contained  a  large  proportion  of  sulphur,  and  also  of  antimony, 
and  that  the  analysis  quoted  above  could  not  possibly  be  correct.  It  is,  however, 
only  recently  that  I  have  been  able  to  examine  the  substance  more  completely. 

The  mineral  has  a  metallic  lustre,  iron-black  colour,  and  dark  brown  streak 
slightly  tinged  with  red.  It  is  uncrystallised,  and  occurs  irregularly  through  a 
somewhat  translucent  quartz-rock,  which  has  a  granular  structure,  with  apparent 
traces  of  foliation,  suggestive  of  its  being  a  metamorphic  quaiizite  rather  than  a  true 
vein-stone.  Azurite,  malachite,  melaconite,  cervantite,  smithsonite,  ochre,  calcite, 
Ac,y  oocur  in  association  with  the  sulphide  ore,  most  of  them  being  probably  results 
of  its  alteration.  The  sulphide  is  so  mixed  up  with  the  gangue  that  it  was  only  by 
laborious  picking  that  enough  could  be  separated  for  an  analysis,  which  gave — 

Snlphnr 21*12 

Antimony  •        «        « ^*17 

Arsenic 1*82 

Copper 88*69 

Silver         • traces 

Lead *80 

Iron 6*38 

Zinc 244 

{Calcinm  carbonate 1*07 

Magfnesium     „ '18 

Insoluble  gangae         •        •         .         • '68 

Oxjgen,  carbonic  aeid,  water  &  loss 8*75 

100^ 
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The  oxygen,  carbonic  acid,  and  water  are  due  to  malacbite,  aznrite,  and  mela- 
€onite,  from  which  the  snlphide  ore  could  not  be  wholly  freed.  Cervantite  waa  also 
not  improbably  present  in  small  quantity,  although,  like  the  calcium  carbonate,  not 
visible  to  the  eye.  The  number  of  minerals  of  apparently  secondary  origin  in 
association  with  the  sulphide,  and  the  somewhat  large  proportion  in  which  they 
occur,  seem  to  indicate  that  the  specimens  were  obtained  from  near  the  surface. 
Hence  it  is  not  unnatural  that  the  sulphide  should  be  in  a  somewhat  altered  condi- 
tion. As  an  indication  of  the  exact  composition  of  the  fresh  and  unchanged 
mineral,  the  analysis  is  therefore  unsatisfactory,  but  it  suffices  to  show  beyond  all 
doubt  that  the  mineral  is  tetrahedrite  of  a  common  type.  The  above  figures 
correspond  to  the  formula  R4  (Sb  As)^  S^  =  B^*  (Sb  As) 2^  ^p  the  excess  of  metals 
over  the  proportion  required  for  the  formula  R^  (Sb  As)^  Sy  being  certainly  in 
part,  and  probably  wholly,  due  to  the  occurrence  of  some  of  them  partly  in  an 
oxidised  state,  owing  to  the  alteration  of  the  mineral  just  alluded  to. 

Considering  the  wide  discrepancy  between  the  preceding  two  analyses,  the  idea 
may  perhaps  suggest  itself  that  they  refer  to  altogether  different  specimens.  But 
those  which  I  examined  were  handed  over  to  Government  direct  from  the  Asiatic 
Society's  Museum;  they  agree  in  their  general  outward  appearance  with  the  descrip- 
tioB  given  by  the  author  quoted,  and  when  they  came  into  our  possession  the 
word  *  NepauUte '  was  found  marked  upon  them  in  oil  paint. 


Notice  of  the  Sabetmahet  Meteorite,  hy  H.  B.  Mbdlicott,  Qeological  Survey  of 

India, 

Sabetmahet  is  a  small  village  in  the  Gonda  district  of  Oudh,  close  to  Muthura- 

ghat  on  the  Rapti,  about  11  miles  north-west  of  Balrampur,  approximately  at 

82**  7'  E.  Long,  and  27**-35'  N.  Lat.     The  fall  occurred  on  the  evening  of  the 

16th    of  Augast  1885.     The  stone  is  an  average  oligo-siderolite,  t.e.,  having  but  a 

moderate  admixture  of  meteoric  iron,  and  so,  under  the  circumstances  explained 

in  the  following  extracts  of  correspondence,  there  was  no  occasion  to  press  the 

claim-  for  surrender.     The  weight  of  the  whole  stone  is  given  as  2&s.  13*77 

ounces  (1297'04  grammes).     A  very  small  portion  was  sent  as  a  sample — 

Larger  piece 1*62    grammes. 

Smaller  piece '52 

Minute  fragments,  aggregating         .....  '80 


*> 


Total  2*84    grammes. 

The  record  is  only  worth  publishing  to  illustrate  what  honour  meteorites 
receive  ampng  our  "  Aryan  brothers "  of  the  period  in  Hindustan.  The  story 
moreover  exemplifies  a  universal  evil — the  influence  of  priests  and  through  them 
of  women  in  dragging  men  to  superstition :  yet. 

Das  Ewig-Weibliche 
Zieht  uns  hinan. 

Extract  of  a  letter  from  tlhe  Deputy   Goinmissioner  of  QonJa,  dated  5th  September 

1885. 
*'  The  stone  was  brought  in  from  Balrampur  piously  wrapped  in  a  cloth  and 
carried  by  Brahmans.     It  was  decked  with  flowers  and  it  had  been  daily  smeared 
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all  oyer  with  ghee  [clarified  batter]  which  made  the  smooth  exterior  look  quite 
the  colour  of  iron,  and  it  had  been  subjected  to  frequent  puja  [cerexaouial 
worship]  and  coatings  of  sandal  wood  powder,  which  latter  I  carefully  washed  off 
The  villagers,  where  it  fell,  had  started  a  subscription  to  build  a  shewals  over 
the  ^rolite,  which  was  looked  upon  as  a  Mahadeo,  and  the  Maharani  with  her 
accustomed  liberality  had  promised  money  assistance  for  the  construction  of  the 
shrine.  ••♦•♦♦ 

^'  In  the  present  instance  I  can  very  clearly  see  that  to  take  this  aerolite  from 
the  superstitious  villajgers  who  have  obtained  possession,  and  who  have  been  for 
days  doing  puja  to  it,  would  cause  to  them  the  most  profound  disappointment 
and  sorrow.  I  believe,  too,  the  Maharani  on  whose  estate  it  fell  having  evinced 
her  superstitious  sympathy  by  giving  a  money  subscription  would  with  the 
people  feel  hurt  if  the  aerolite  were  appropriated  by  the  Grovernment." 

Extract  from  the  evidence  of  the  man  who  saw  the  stone  fall  and  dug  it  out ;  attested 

by  the  Deputy  Gommissiojier,  dated  3rd  September  1885. 

"  On  Sunday,  at  a  quarter  after  5  p.m.,  I  made  over  the  stone  to  Gur  Purshad 
Goria  and  went  home.  It  was  of  a  kunkur  colour  up  to  that  time  [no  doubt 
from  adhering  clay].  Next  morning  people  assembled,  and  Mahesh  Pandit  also 
came.  Gur  Purshad  washed  the  stone ;  the  Pandit  then  said  that  he  (Gur  Purshad ) 
ought  to  worship  it.  A  terrace  was  then  made  at  the  same  place  where  the  stone 
had  fallen,  and  it  was  put  on  it.  On  Monday  morning  when  I  saw  it,  it  was  of  a 
kunkur  colour.     The  more  it  was  worshipped  the  more  it  became  black." 
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„       Review  of  the  accounts  of  the  sea-borne  trade  of  British  India  for  the  year  end- 
ing 3l8t  March  1885.    By  J.  E.  O'Conor.    Flsc.  Simla,  1885. 

GOVBBNMBKT  OF   IkDIA. 

„        Review  of  the  forest  administration  in  British  India  for  1883-84.    By  B.  Ribben- 

trop.    Flsc.  Simla,  1885.  Govbbvubnt  of  India. 

w        Selections  from  the  Records  of  the  Government  of  India,  Foreign  Department. 

No.  202.    Flsc.  Calcutta,  1885.  Govbbnubnt  of  India. 

Madbab. — Administration  report  of  the  Meteorological  Reporter  to  the  Government  of 

Madras  for  1884-85.    8°  Madras,  1885.  Madbas  Govbbnmbnt. 

Magnetical  observations  made  at  the  Madras  Observatory  in  the  years  1851-1855. 
4°  Madras,  1884.  Madbas  Govbbnmbnt. 

Report  on  the  agricultural  operations    on  Mr.   C.  Eristnasawmy  Mudaliar's 
estate  at  Shiyali.    8°  Pam.     Madras,  1885.     Madbas  Govbbnmbnt. 

„         Tel^raphic  longitude  determinations  in  India.    4**  Madras,  1884. 

Madbas  Govbbnmbnt. 
Nobth-Wbstbbh  Pbovinobs. — Civil  statements  of  the  North* Western  Provinces  for  1884 

with  prefatory  note.  Fol.  Alkhabad,  1885. 

Govbbnmbnt  of  thb  Nobth-Wbstbbn  Pbovincbs  and  Oudh. 

,.  Report  on  the  administration  of  the  Northern  India  Salt 

Revenue  Department  for  1884-85.    Flsc.  Agra.  1885. 

C0MMI8810NBB,  NoBTHSBv  India  Salt  Rbvbnub. 
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TRANSACTIONS,  PROCEEDINGS,  Ac,  OF  SOCIETIES,  SURVEYS,  Ac. 

Baxavu.— Notnlen  van  de  Algemeene  en  Bestuarsvergaderingen  van  het  Bataviaasch 

Genootschap  van  kunsten  en  Wetenschi^peii.    Deel  XXIII,  Afl.  1.    8** 

BaUvia,  1885.  Thb  Societt. 

n         Tijdsehnft  voor  indisehe  Taal«Land-en  Yolkenkunde.    Deel  XXX.  Afl.  3—4. 

8*  Batavia,  1885.  Thb  Socibtt. 
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Title*  of  Books.  Lmun. 

Batatia. — ^Yerhandlungen  van  het  Bataviaasch  Qenootschap  yan    kimsten   en  Weten- 

fichappen.    Deel  XLV,  Afl.  1.    8*  Batavia,  1885.  Thb  Soairr. 

BsBLiN.^Zeitschrift  der  Deatschen  Geologischen  Gesellschaft.    Band  XXXVII,  heft  2. 

8""  Berlin,  1886.  Thb  Socivtt. 

BosTOK. — ^Beport  to  the  Legislature  of  Massachnsetts  made  by  the  CommissionerB  appointed 

under  Resolve,  chapter  60,  1884,  upon  the  filesi  papers,  and  documents 
in  the  Secretary's  department.    8^  Boston,  1885. 

State  Libbabt  of  MAflSACHrsim. 

Bbeslau. — Zweiundsechzigster  Jahrea-Bericht  der  Schlesischen  Geeellschaft  fur  Taterland' 

ische  cultur.    8"*  Breslau,  1885.  Thb  Societt. 

Bbisbakb.— Proceedings  of  the  Boyal  Society  of  Queensland.      Vol.  I,  pts.  24.    8* 

Brisbane,  1884-1885.  Thb  Socixtt. 

Bbistol.— Annual  report  of  the  Bristol  Naturalists'  Society  for  the  year  ending  30th  Apiil 

1885,  with  list  of  members,  &c.    S^  Bristol,  1885. 

Thb  Socibtt. 

„  Proceedings  of  the  Bristol  Naturalists'  Society.  New  series.  Vol.  IV,  psrt  3. 
8""  Bristol,  1885.  Trb  Socibtt. 

BfiVSSELS.— Annuaire  de  I'Acad^mie  Royale  de  Belgique.    8"  Bruzelles,  1884-1885. 

Thb  Acadbht. 

Bulletins  de  TAcad^mie  Boyale  dea  Sciences,  desLettres  de  Belgique.  3"*s^iie. 
Vols.  VI— VIII.    8""  Bruxelles  1883-1884.  Thb  Acadbxt. 

Momoires  Couronn^s  et  autres  M^rooires  publics  par  I'Acad^mie  Boyale  des 
Sciences,  des  Lettres  de  Belgique.    Tome  XXXVI.    8°  Bruxelles,  1884. 

Thb  Acasxxt. 

„  Momoires  Couronn^s  et  Mdmoires  des  Sarants  strangers  publics  par  TAcad^ie 
Royale  des  Sciences,  des  Lettres  de  Belgique.    Tome  XL VI.    4°  Bruxelles, 

1884.  Thb  Acadbkt. 

„  Momoires  de  1' Academic  Royale  des  Sciences,  des  Lettres  de  Belgique.  Toaoe 

XLV.    4""  Bruxelles,  1884.  Thb  Acabiht. 

„  Bulletin  de  la  Soci^t^  Royale  Beige  de  G6ographie.  Annee  IX,  Nos.  2-3.  8" 
Bruxelles,  1885.  Thb  Socixtt. 

Budapest.*— Naturhistorische  hefte,  herausgegeben  vom  Ungarischen  National    Museum. 

Band  X,  No.  2.    S"*  Budapest,  1885.  Thb  Mvshtb. 

BuBNOS  AiBBS. — Boletin  de  la  Academia  Nacional  de  Ciencias  en  Cordoba    (Republics 

Argentina).    Vol.  VII,    Nos.  1-2.    ^  Buenos  Aires,  1884. 

Thb  Acabxxt. 
Calcutta.— Calcutta  University  Calendar,  1884-85.    8""  Calcutta,  1884. 

H.  B.  Mbdlioott,  Esq. 

„         Journal  of  the  Asiatic  Society  of  Bengal.    New  series.    Vol.    LIV,  part  II, 
Nos.    1-2.    8^  Calcutta,  1885.  Thb  Socixtt. 

„         Proceedings  of  the  Asiatic  Society  of  Bengal.  Nos.  4-7.    8^  Calcutta,  1885. 

Thb  Socebtt. 
M         Palffiontologia  Indica.    Series  X,    vol.    Ill,  part  6,  and  XIII,  vol.  I,  part 
4  (fasc.  5.)    4°  London  and  Calcutta,  1885. 

Geological  SxrBvsT  of  Ihdu. 

H         Records  of  the  Geological  Surrey  of  India.    VoL  XVIII,  part  3.     8^  Calcutta, 

1885.  Gbolooical  Subtbt  of  Ikdu. 
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Calcutta.— Beport  on  the  Archsdologioal  Sonrey  of  India.    Vol.    XX.    8®  Calcntta,  1886. 

GOYBBNMBKT  OF  InDU. 

„         Snrvey  of  India  Department.     Notes  for  May,  Jnne,  and  Angnst  1886.   Pise. 
Simla,  1886.  Su£yet  of  Ivdia. 

CiitBiuixiB,  Mass.— Bulletin  of  the  Mosenm  of  Comparative  Zoology.    Vol.  XI,  No.  11, 

and  XII,  No.  1.    8^  Camhiidge,  1886. 

MUSEUIC  OF  COMFABATIYB  ZOOLOOT. 

Chbistiakia. — Norwegische  Commission  der  Europaischen  Gradmessung,    Vandstandsoh- 

servationer,   heft  m.   Geodatische    Arbeiten,  heft  IV.    4°  Christiana, 
1886.  Thb  CoMicissiON. 

Cikcibhati.— Journal  of  the  Cincinnati  Society  of  Nataral  History.    Vol.  VIII,  No.  2.    8* 

Cincinnati,  1886.  Thb  Socibtt. 

CopBiriLAOBH. — M^moires  de  TAcad^mie  fioyale    de    Copenhagae.     6"*   s^rie.    Vol.    I, 

No.  11,  and  n,  No.  7.    4**  Kjobenhavn,  1886.  Thb  Acadbut. 

„  Oversigt   over  det  Eongelige  Danske   Videnskabemes    Selskahe.    No.  3. 

(1884),  and  No.  1  (1886).    8°  Kjobenhavn,  1886.  Thb  Acadeut. 

Dbkybb,  Colobado. — Proceedings  of  the  Colorado  Scientific  Society.     Vol.  I.   8^  Denver, 

Colorado,  1886.  The  Society. 

DuBLur. — Beport  of  the  Director  of  the  Science  and  Art  Museum^  Dablin,  for  the  year  1884. 

%""  Dublin,  1886.  The  Museum. 

„        Beport  on  the  Museums  of  America  and  Canada.    By  V.  Ball.    8^  Dublin,  1886. 

The  MusBuic. 

Edikbubgh^ — ^Transactions  of  the  Edinburgh  Geological  Society.    Vol.  V,  part   1.    8* 

Edinburgh,  1886.  The  Society. 

GiASOow.^-Glasgow  University  Calender  for  1886-86.    8°  Ghisgow,  1886. 

The  Ukiybbsity. 

M  Proceedings  of  the  Philosophical  Society  of  Glasgow.     Vol.  XVI.    8**  Glasgow, 

1886.  Thb  Society. 

„  Transactions  of  the  Geolc^cal  Society  of  Glasgow.    Vol.  II,  part  2.    8^  Glasgow, 

1886.  The  Society. 

GoTTiNOBir. — Abhandlungen  der  Eoniglichen  Gesellschaf t  der  Wissensohaften  zu  Gottingen. 

Band  I— XII.    4""  Gottingen,  1843-1866. 
„  Nachrichten  von  der  Konigl.  Gesellsohaft  der  Wissensohaften.  Nos.  1 — 13« 

8"  Gottingen,  1884.  The  Society. 

Habbibbubo. — ^Beports  of  the  Second  Geological  Survey  of  Pennsylvania.    A  A,  A  A  AHas, 

AC  Atlas,  D3  Atlas,  and  G«  and  H.'.    8*  Harrisburg,  1880,  1882.  1883, 
and  1884.  Ths  Sub v  by. 

Xoniosbebo. — Schriflen    der  Phyaikalisch-Okonomischen   Gesellschaft.      Jahrg.    XXV, 
•  Abth.  1—2.    4""  Konigsberg,  1884-86.  The  Society. 

Lisbon.— Becueil  de  Monographies  Stratigraphiques  sur  le  Syst^me  Crtftadque  du  Portugal. 

1'  £tude.    By  Paul  ChofiEat.    4^  Pam.    Lisbonne,  1886. 

Section  dbs  Tbavauz  G^olooiqubb  du  Pobtuoal. 
London. — Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland.   Vol.  XIV, 

No.  4.    8°  London,  1886. 
M  Journal  of  the  Linnean  Society  of  London.    Vol.  XVII,  Zoology;  No.  103,  and 

XVIII,  Nos.  104-107 ;  and  Vol.   XXI,  Botany,  Nos.  134-137.    8° 
London,  1884—1886.  The  Society. 
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LoNDOK.--List  of   Fellows  of  tbe  Linneon  Society  of  London,  1884-1886.    8^  LondoD, 

1885.  TebSocistt. 
„           Transaotione  of  the  Linnean  Society.  2nd  eeriee*    Vol.  11,  Zoology,  parts  11  aod 

13—14,  and  Vol.  Ill,  parts  2—3 ;  and  Vol.  II,  Botany,  part  8.  4*"  LoDdon, 
1884—1886.  ThxSocutt. 

Journal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland.  New  tenet. 
Vol.  XVII,  part  2.    8°  London,  1886.  Thb  Sociitt. 

Joomal  of  the  Society  of  Arts.    Vol.  XXXm,  No.  1698—1701.    8^  Loodoo, 

1886.  Tnn  Socuty. 
„           Mineralogical  Magazine  and  Journal  of  the  Mineralogical  Society.    Vol  YI, 

No.  29.    8**  London,  1886. 
Philosophical  Transactions  of  the  Royal  Society  of  London.    Vol.  176,  parts  1—2. 
List  of  Fellows  for  1884.    4*"  London,  1884  and  1886.         Thb  Socirt. 

Proceedings  of  the  Royal  Society  of  London.  Vol.  XXXVII,  No.  234,  and 
XXXVIII,  Nos.  236—237.    8"  London,  1884-1886.  Thb  Sonm. 

Proceedings  of  the  Royal  Geographical  Society.  New  series.  Vol.  VII,  Koa. 
6—8.    8^  London,  1886.  Thb  Sociitt. 

Proceedings  of  the  Royal  Institution  of  Great  Britain.  Vol.  XI,  part  1,  No.  78. 
8*"  London,  1886.  Thb  Inshtutb. 

Proceedings  of  the  Zoobgical  Society  of  London.  Part  4  (1884),  and  part  1, 
(1886).    8^  London,  1886.  Thb  Sociitt. 

Quarterly  Journal  of  the  Geological  Society  of  London.  Vol.  XLI,  No.  18S.  8^ 
London,  1886.  Thb  Socibtt. 

Report  of  the  64th  meeting  of  the  British  Association  for  the  advanoemeiit  of 
science,  held  at  Montreal  in  August  and  Septemher  1884.    8^  LoodoD, 
1886. 
Habbid. — ^Boletin  de  la  Sociedad  Geografica  de  Madrid.    Tome  XVIII,  Nos.  6—6,  and 

XIX,  Nos.  1—2.    8^  Madrid,  1886.  Thb  Societt. 

Manchbbtbb. — Transactions  of  the  Manchester  Geological  Society.    Vol.  XVIII,  part  10. 

8""  Manchester,  1886.  Thb  Sooibtt. 

Mblboubne. — ^Annual  report  of  the  Acting  Secretary  for  Mines  and  Water-supply  to  the 

Hon'hle  the  Minister  of  Mines  for  the  year  1884    FIsc.  Melbourne,  1885. 

DbPABTVBNT  op  MiHBS  and  WaTBB-SUFPLT,  ViCTOSIii. 

„  Reports  of  the  Mining  Registrars  for  the  quarters  ending  31st  March  and  30th 

June  1886.    Flso.  Melbourne,  1886. 

Dbpabtmbnt  op  Mihbb  abb  Watbb-««pp&t,  Victobii. 

Milan. — Reale  Istituto  Lombardo  di  Science  e  Lettere.    Bendiconti.    S^rie  II,  Vol.  XM. 

8**  Milan,  1883.  Thb  Institutb. 

MiKNBAFOLiB.—Bulletin  of  the  Minnesota  Academy  of  Natural  Sciences.    Vol.  II,  Na  4. 

8°  Minneapolis,  1883.  Thb^Acadbbt. 

MoNTBBAL. — Catalogue  of  Canadian  Plants.    Part  11,  GamopetalsB.    By  John  Maooua.   S* 

Montreal,  1884. 

Gbolooioal  ahd  Natubal  Hibtobt  Subvbt,  Caitapa. 

„  Geological  and  Natural  History  Survey  of  Canada.    Report  of  Frogwmt  for 

1882-83-84.    8""  Montreal,  1886.  Thb  Subvbt. 

Nbwca8TLB-on-Ttnb. — Transactions  of  the  North  of  England  Institute  of  Mining  and 

Mechanical  Engineers.     V<d.  XXXIV^  parts    3—4.     8^  Newcastle-on- 
Tyne,  1886.  Thb  IwaiiTun' 
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TUki  of  Books.  Donors. 

Nbw  Hatbf.— TraAsaotiona  of  the  Conneetioat  Aeademj  of  Arts  and  Soienoes.    Vol.  YI, 

part  2.    &*  New  Haven,  1886.  Thb  Acadxmt. 

Pasis.— 'Bulletin  de  la  Soci^t^  Q^ologiqne  de  France.    8*"*  s^rie.    Tome  XII,  No.  9  and 

XIII,  No8.  3—5.    8^  Paris,  1884-1886.  Thb  Societt. 

„       M^moiree  de  la  Soci^t^  G^ologiqne  de  France.    8"**  s^rie.    Tome  III,  No.  3.    4** 

Paris,  1886.  Thb  Socibtt. 

„       Compte  Benda  des  Stances  de  la  Sooi^t^  de  Q^graphie.  Nos.  12 — 16.    8°  Paris^ 

1886.  Thb  Socibtt. 

„       Joors  de  Solitude.    8^  Paris,  1883.  Botal  Acadbmt  of  Bblgium. 

FnrzASCB. — ^Transactions  of  the  Royal  Geological  Society  of  Cornwall.    Vol  X,  part  7. 

^  Penzance,  1886.  Thb  Socibty. 

PHiLADBXiPHlA.-^oamal  of  the  Franklin  Institute.    3rd  series.    VoL  LXXXIX,  No.  6, 

and  XC,  Nos.  1—3.    ^  Phikdelphia,  1886.  Thb  Ikbtitutb. 

Proceedings  of  the  American  Philosophical  Society.    Vol.  XXI,  No.  116 
to  XXII,  No.  119.    8°  Philadelphia,  1884-1886.  Thb  Socibtt. 

Register  of  papen  published  in  the  transactions  and  proceedings  of  the 
American  Philosophical  Society.  By  Henry  PhillipB,  Jr.  8°  Philadel- 
phia, 1881.  Thb  Socibtt. 

Pisa.— Atti  della  Sodeta  di  Scienze  Natuiali«    Processi  YerbalL    YoL  lY,  pp.  203—230. 

8""  Pisa*  1886.  Thb  Socibtt. 

Bomb. — Brevi  Cenni  relative  alia  carta  geologic*  deUa  ieola  d'Blba  alle  scale  di  1/26,000 

e  1/60,000.    8"  Pam.    Roma,  1886.        Gbolooical  Subybt  of  Italy. 

«       Brevi  Cenni  relative  alia  carta  geologica  deUa  isoU  di  Sieilia  alia  scala  di  1/100,000. 
8''  Pam.   Roma,  1886.  Gbolooical  Subybt  op  Italt. 

„       Cenni  snlla  pnblioazione  della  carta  geologica  d'ltalia  per  Cura  de  R.   UiRcio 
Geologioo.    8**  Pam.  Roma,  1886.  Gbolooical  Subybt  of  Italt. 

8i.  ParaBSBUBO.-— Bulletin  of  the  Geological  CommissioB.    YoL  lY,  Nos.  3—6.    8^  St. 

Petersbui^,  1886.  Thb  Cohvissiok. 

Sbahohai.— -Journal  of  the  North  China  Branch  of  the  Royal  Asiatic  Society.    New  series. 

Yols.  XYUI,  XIX,  part  1,  and  XX,  parts  1—2.    8°  Shanghai,  1884-1886. 

Thb  Socibtt. 

Stockholm. — ^Bihang  till  Kongl.  Svenska  Yetenskaps-Akademiens  Handlingar.    Bandet 

YI,  hafte  1—2 ;  YU,  hafte  1-2;  and  YIII,  hafte  1—2.    S""  Stockholm, 
1880—1884.  Thb  Acasbht. 

„  Kongliga  Svenska  Yetenskaps-Akademiens  Handlingar.    Bandet  XYIII,  and 

XIX,  haftet  1—2.    4"^  Stockholm,  1881-1882,  and  1884. 

Thb  Acadbut. 

„  Lefnadsteckningar  ofver  Eongl,  Svenska  Yetenskaps-Akademiens.    Band 

II,  hafte  2.    8""  Stockholm,  1883.  Thb  Acadbht. 

M  Meteorologiska  lakttagelser  i  Sverige  utgifna  af  Kongl.  Svenska  Yetenskaps — 

Akademiens.    2nd  series.    Yds.  YI— YU.    4"*  Stockholm,  1878-79. 

Thb  Aoadbmt. 

91  Ofversigt    af     Kongl.    Yetenskaps-Akademiens    Forhandlingar.       Yols. 

XXXYIII-XL.    8°  Stockholm,  1881—1884.  Thb  Aoadbmt. 
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ToKio.— Memoirs  of  the  Soienoe  Department,  Univerait j  of  Tokio,  Japan.    Vol.  I,  parts  1  snd 

2  (1879),  Appendix  to  Vol.  I,  part  1  (1883),  Vol.  Ill,  paH  1  (1880), 
»08.  4—8  (1881) ;  three  Appendices  to  No.  5  (1882, 1884^  and  1885). 
and  Nos.  9—10  (1883).    4''  Tokio,  1879—1886. 

GOYEBVMXNT  OF  IfDII. 

ToBiKO. — Atti  della  B.  Accademia  delle  Scienze  di  Torino.    Vol.  XX,    No.  6.    ft"  Torioo, 

1885.  Ths  AciDEJCT. 

ToBONTO.— Proceedings  of  the  Canadian  Institute.    3rd  series.    Vol.  UI.    Noa.  1—2.    8° 

Toronto,  1885.  Ths  iNafirun. 

YiEKNA. — ^Abhandlungen  der  E.  K.  Geologischen  Beichsanstalt.     Band  XI,  lief.  1.  XU, 

lief.  5.    4''  Wien,  1885.  Gbolooioal  Institutx,  ViBsvi. 

„  Jahrbnch  der  E.  E.  Geologischen  Beichsanstalt.    Band  XXXY,  heft  1-3.  8? 

Wien,  1885.  Th«  Inshtuti. 

„         Yerhandlangen  der  E.  E.  Geologischen  Beichsanstalt.  No.  9.    8^  Wien,  1885. 

Thb  Institutb. 

„  Die  Meteoritensammlnng  des  E.  E.  Mineralogischen  Hof-Eabinetes  in  Wien.  Yon 

Dr.  Aristides  Brezina.    8''  Wien,  1885.  Thb  CiBivn. 

Washinoton.— Bulletin  of  the  IT.  S.  Geological  Survey.  Nos.  2—6.    8**  Washington,  1883 

—1884.  U.  S.  Gbolooical  Subtit. 

* 

„  Monographs  of  the  U.  S.  Geological  Snrrey.  Yol.  IIL,  with  folio  atlas,  and 

Yols.  lY  and  Y.    4^  Washington,  1882-1883. 

U.  S.  Gbolooioal  Subtit. 

„  Third  annual  report  of  the  U.  S.  Geological  Survey  to  the  Secretary  of 

the  Interior,  1881-82.    By  J.  W.  Powell.    8"*  Washington,  1883. 

U.  S.  Gbolooioal  Subykt. 

Compendium  of  the' tenth  Census  of  the  United  States.    Farts  1  and  2. 
8°  Washington,  1883.  Dbpt.  of  thb  Intbbiob. 

Beport  of  the  United   States  Geological  Purvey  of  the  Territories.  Yols.  Ill 

and  YIII.    4''  Washington,  1883-1884. 

U.  S.  Gbolooioal  Subtbt. 

„  Second  annual  report  of  the  Bureau  of  Ethnology  to  the  Secretary  of  the 
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Annual  Bepobt  of  the  Geological  Subyet  or  India,  and  of  the  Osolooigal 

Museum,  CALCurrA,  fob  the  teab  1885. 

A  discoyery  of  great  interest  to  Indian  geology  was  made  in  tbe  year  nnder 
review ;  and  it  affords  as  striking  an  instance  as  could  be  quoted  of  the  magic 
light  that  can  be  thrown  upon  stratigraphical  puzzles  by  a  simple  find  of  fossils. 
We  owe  the  discovery  to  Dr.  H.  Warth,  who  was  some  time  ago  in  charge  of  the 
great  Mayo  salt  mines  at  Khewra,  in  the  midst  of  the  most  interesting  geological 
sections  in  India ;  and  he  then  contributed  not  a  little  to  our  knowledge  through 
his  intelligent  zeal  in  collecting  fossils,  as  the  students  of  Dr.  Waagen's  descrip- 
tion of  the  Salt-range  fossils  in  the  PalsBontologia  Indica  cannot  fail  to  notice. 
Dr.  Warth  has  again  lately  been  deputed  on  other  duty  in  the  same  neighbour- 
hood, and  his  industry  in  the  cause  of  geology  has  now  met  with  signal 
reward.  In  February  last  I  received  from  him  a  small  box  of  fossils,  of  which  he 
wrote — "  Besides  these  fragments  you  will  find  in  the  tin  box  a  broken  pebble 
wrapped  in  green  paper.  You  will  notice  that  the  pebble  contains  a  fossil. 
The  pebble  was  found  at  Choya  Saidan  Shah,  loose  amongst  other  pebbles  which 
had  weathered  out  of  the  pebble  bed  or  cretaceous  (P)  conglomerate  to  which  Wynne 
refers  at  page  104  of  his  Salt-range  Memoir.  The  pebbles  and  boulders  consist 
usually  of  crystalline  rocks,  but  it  appears  that  there  are  also  fossiliferous  rock 
pebbles  amongst  them.  In  case  you  can  get  this  fossil  determined  I  would  thank 
you  for  letting  me  know  the  result."  The  fossil  was  very  distinctly  a  Gonulariaf 
which  is,  according  to  the  books,  of  middle  or  lower  palaaozoic  age ;  but  I  sent  it  by 
next  post  to  Dr.  Waagen,  whose  first  impression  regarding  it  was  given  in  a  letter 
dated  25  th  of  March  :  "The  fossil  you  sent  me  is  really  a  Oonularia  and  comes 
probably  from  silurian  strata,  being  carried  down  from  the  Himalayas  either  by 
ice  action  or  by  floods,  during  upper  cretaceous  times."  Having  no  preconceptions 
against  the  occurrence  of  silurian  deposits  in  the  Salt-range  itself,  I  could  not  for 


i  Records  of  the  Geological  Survey  of  India.  [vol.  iix. 

a  moment  concur  as  to  the  derivation  snggeBted ;  and  Dr.  Wartb's  further  pnmiit 
of  this  exciting  clue  soon  determined  that  the  so-called  pebbles  are  t»  «i^ti,  their 
form  being  concretionary  and  not  due  to  water  wear.  A  lai-ge  collection  of  these 
and  a  few  other  associated  fossils  were  sent  by  him  to  Dr.  Waagen,  and  form  the 
material  of  his  very  interesting  paper  va.  the  current  number  of  the  Records.  The 
boulder  bed  hitherto  placed,  not  without  misgivings  (for  the  similarity  of  the 
boulder  beds  throughout  the  range  has  always  been  noticed),  with  the  cretaceous 
oli  ve-seiies  at  the  ^ast  end  of  the  Salt-range,  being  thus  proved  to  be  palwoioic,  its 
affiliation  with  the  boulder  beds  beneath  Dr.  Waagen's  Productus-limestone  be- 
came  at  once  an  obvious  necessity.  Dr.  Waagen  seems  inclined  still  to  include  this 
zone  in  his  Productus-limestone  series ;  but  with  such  marked  unconformity,  and 
the  distinct  faoies  of  the  small  fauna  now  described,  the  proceeding  would  fleem 
somewhat  to  strain  the  practice  usual  in  such  matters.  Still  more  difficult  will 
it  now  appear  to  retain  the  Neobolus-beds  of  the  east  Salt^range  as  a  member  of 
the  Productus-limestone  series.  The  emendation  proposed  by  Dr.  Waagen  (at 
jpage  3  of  his  Salt-iange  fossils)  of  Mr.  Wynne's  voagh  classification  of  these 
deposits  will  probably  have  to  be  reconsidered.  In  the  connection  presently  to 
be  noticed,  the  name  *  Produetns^imesione'  chosen  by  Dr«  Waagen  for  the  upper 
palsDozoic  series  of  the  Salt-range  promises  to  be  confusing,  for  the  rock  elsewhere 
underlying  the  supposed  equivalents  of  the  Talchirs  is  sometimes  quoted  as  t 
Productus-limestone. 

The  importsAt  oorreetioDS  made  in  the  stratigraphy  of  the  Salt-range  by  this 
find  of  fossils  are  perhaps  of  less  interest  themselves  than  is  their  bearing  upon 
the  correlations  of  our  Indian  Crondwana  rock  system;  and  this  inference  is 
almost  as  obvious  as  the  primary  one.  A  single  great  glacial  boulder  deposit  of 
pala302oic  age,  and  distinctively  of  southern  derivation,  being  established  in  the 
Salt-range,  it  was  impossible  not  to  conjecture  its  identification  with  the  Talchir 
glacial  deposits  found  almost  everywhere  at  the  base  of  the  Gondwana  rocks 
of  peninsular  India.  Ever  since  the  origin  of  the  Survey  the  correlation  of  the 
great  isolated  plant-bearing  series,  for  which  I  proposed  the  name  (rondwana 
under  which  it  is  now  known,  has  been  an  object  of  inquiry  and  contention. 
The  correspondence  of  some  of  these  fossil  plants  with  those  associated  with 
oolitic  marine  fossils  in  Cutch  as  previously  described  by  Captain  Grant  was 
recognised  from  the  first ;  and  the  more  exact  correlation  on  that  side  was  estab- 
lished by  Dr.  Feistmantel's  identifying  the  flora  of  the  topmost  (Jabalpur)  group 
of  the  Gondwana  sequence  with  the  Umia  horizon  (top  Jurassic)  of  Cutch.  The 
lower  Gondwana  or  Damuda  flora  is  not  represented  in  Cutch,  and  for  it  the 
nearest  {known  standard  of  comparison  was  in  Australia,  where  some  ooal-beds 
with  a  flora  more  or  less  resembling  that  of  the  Damuda  series  are  distinctly 
interetratified  with  beds  containing  a  marine  fauna  of  well-marked  lower-car- 
boniferous facies.  This  very  strong  evidence  was  accepted  by  Dr.  Oldham  as 
presumptive  proof  of  the  paleozoic  age  of  the  Damuda  formation ;  and  he 
went  a  little  further  in  endeavouring  to  show  that  the  Damuda  flora  itself  might 
be  reconciled  to  the  palsdozoic  type.  This  view  was  strongly  contested  by  the 
palsBO-botanists,  who  on  their  side  endeavoured  to  discredit  the  stratigraphical 
facts  of  continuous  sequence  and  interstratifioation.     Thus  both  parties,  actuated 
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by  tbe  same  presumption  of  an  assnmed  necessary  correspondence  between  two 
distinct  lines  of  paleontological  evidence,  committed  the  mistake  of  doing  violence 
to  fact.  It  need  hardly  be  said  that  fact  has  proved  the  stronger ;  the  facts  on 
both  sides  remain  fast,  while  only  the  preconception  has  to  make  way  for  a  fact 
of  a  higher  order.  Dr.  Feistmantel  established  to  the  satisfaction  of  competent 
judges  that  the  Damnda  (including  the  Talehir)  flora  is  distinctively  mesozoic :  and 
the  compromise  with  which  he  supposed  the  controversy  would  be  closed^  was, 
the  provisional  identification  of  the  Bacchus-Marsh  glacial  boulder  bed  of  Yictoria 
(which  he  had  fairly  identified  with  the  Talehir  beulder  bed  of  India)  with  the 
Haukesbury  horizon  of  the  New  South  Wales  sequence,  thos  putting  out  of 
court  the  obnoziouB  interstratificationy  which  occurs  well  below  the  Haukesbury 
beds.  But  now  comes  the  announoement  of  the  identification  of  the  Talchirs  with 
a  well«established  carboniferous  glacial  boulder  bed  widiin  the  borders  of  India 
itself.  Of  course  it  is  so  far  open  to  deny  the  identificaiion,  and  to  assume  two 
widely  distinct  glacial  periods  in  the  Indian  region,  for  the  Salt-range  is  several 
hundred  miles  distant  from  the  nearest  known  appearance  of  Talchirs,  and  no  fossils 
common  to  both  have  beenr  found.  ,  This  stand  would  probably  be  made  but  for 
the  strange  coincidence  that  the  same  view  has  axisen  oohtemporaneously  from  a 
wholly  independent  quaarter. 

During  the  past  summer  Mr.  S.  J)«  Oldham  took;  privilege  leave  for  a  trip  to 
Australia  and  obtained  two  months'  extension  on  duty,  to  enable  him  to  see  some- 
thing of  the  Oondwana  rocks  of  that  regxau  The  result  of  his  observations  is 
published  in  the  current  number  of  the  Records.  His  paper  reached  me  within 
the  same  week  as  Dr.  Waagen's,  each  writer  being  wholly  unaware  of  what  the 
other  was  about.  The  case  is  stated  very  clearly,  and  it  is  a  strong  one,  and  far 
more  natural-like  than  the  compromise  proposed  by  Dr.  Feistmantel.  Mr. 
Oldham  of  course  reaffirms  the  distinct  interstratification  of  the  Newcastle  and 
Stony  Greek  coal-beds  of  Gondwana  affinities,  with  the  marine  paltBoasoics,  a  point 
that  no  observer  has  questioned.  Bnt  with  and  beneath  these  he  calls  attention 
to  glacial  boulder  deposits  that  represent  the  similar  beds  of  Bacchus-Marsh  far 
more  adequately  than  does  anything  of  that  kind  found  in  the  Haukesbury  beds. 
This  is  of  course  a  point  for  Australian  geologists  to  work  out.  Meanwhile  the 
verisimilitude  of  the  combined  evidence  would  seem  conclusive  in  favour  of  the 
original  view  of  the  palsBOSoic  a^  of  the  lower  Oondwana  deposits,  as  contina- 
ously  contended  for  by  Dr.  Blanford,  who  made  the  original  descriptions  of  the 
lower  Oondwana  groups  from  his  surveys  of  the  Baniganj  and  Talehir  coal-fields. 
The  general  interest  of  this  determination  is  very  great :  it  would  be,  so  &r  as  I 
know,  the  first  clear  and  broad  case  to  confirm  the  assertion  made  twenty-five  years 
ago  by  Professor  Huxley  when  introducing  the  term  '  homotaxis ' ;  for  it  eiiowa 
that  a  full-blown  mesozoic  flora  in  one  region  of  the  earth  was  contemporaneous 
with  a  full-blown  palasozoic  flora  in  another  region.  It  is  the  point  for  which  Dr. 
Stanford  made  out  so  good  a  case  in  his  address  to  the  Geological  Section  of  the 
British  Asociation  at  Montreal  in  1884  ;  but  it  is  a  great  step  from  argument  to  con- 
clusive proof.  Had  the  workers  on  both  sides  duly  profited  by  Professor  Huxley's 
warning,  the  preconceptions  that  have  so  distracted  our  understanding  should  not 
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Lave  arisen.     There  ia  however  no  occasion  to  disoredit  palAo*botanioal  evidence ; 
it  bears  a  full  share  of  credit  in  the  resnlt  that  has  been  attained. 

In  developing  the  inferences  to  be  drawn  from  the  correlation  of  the  Talchir 
with  the  Salt-range  boulder  beds.  Dr.  Waagen  has  overlooked  the  fact  that  Mr. 
Oldham  gave  a  very  circumstantial  discussion  of  what  is  substantially  the  same 
problem  in  his  paper  published  in  the  Journal  of  the  Asiatic  Society  of  Bengal 
for  1884  (duly  noticed  in  my  last  Annual  Beport)  on  the  Talchir  glacial  period 
as  embracing  Australia  and  South  Africa.  Mr.  Oldham  has  now  himself  brought 
the  best  evidence  for  the  small  correction  in  time  that  makes  the  two  positions 
identical.  In  connection  with  these  speculations  I  would  venture  with  diffidence 
to  mention  a  possible  objection  that  has  occurred  to  me  regarding  the  great  liberty 
taken  in  raising  and  sinking]continents  at  discretion.  The  argument  upon  wbich 
these  performances  depend  requires  in  some  form  the  doctrine  of  specific  centres : 
has  that  survival  of  old  times  been  duly  modified  in  accordance  with  principles 
now  accepted  ?  Can  it  with  any  plausibility  be  asserted  that  under  similar  trains 
of  conditions,  such  as  may  reasonably  be  supposed  to  have  occurred  in  distantly 
separated  parts  of  the  earth,  forms  within  the  loose  limits  of  specific  identity 
might  not  arise  from  wholly  distinct  stocks  ?  The  dogma  of  biogenesis  id 
similarly  implicated  as  an  occult  influence  in  such  questions,  it^  operation  being 
inscrutable ;  so  far  its  appropriate  service  {qua  dogma)  has  been  as  a  fresh  quick- 
sand  for  discomfited  theologians  to  build  castles  upon. 

The  work  in  Chhattisgarh  includes  two  distinct  geological  areas  ;  the  Vindhyan 

basin  of  the  upper  Mahanadi,  and  the  chain  of  Gondwana 
^^^™f^^^"'  rooks,  with    coal  measures,  passing  along  its  north-east 

border  from  Sambulptir  into  connection  with  the  Rewah 
basin.  Cursory  traverses  of  this  ground  were  made  some  time  ago  by  Mr. 
Blanford,  ^ir.  Ball,  and  myself ;  and  a  portion  of  the  coal-fields  was  mapped  by 
Mr.  Ball.  The  Vindhyans  are  for  the  most  part  quite  flat,  forming  the  open 
plains  of  Chhattisgarh ;  but  along  the  west  boundary  there  is  some  obscurity 
regarding  their  relation  to  <he  rocks  forming  the  Saletekri  hills.  When  I  tra- 
vjrsed  these  rocks  in  1866,  it  seemed  to  toe  that  the  Vindhyans  of  the  plaine 
partook  in  the  distui'bance  and  were  at  least  partly  represented  in  the  hill  rocks 
in  the  Chilpi  Ghat  section,  and  that  all  the  rocks  there  were  of  the  same  family, 
in  the  same  way  as  occurs  among  the  Vindhyan  groups  of  the  Kamul-Kadapah 
basin.  The  progress  made  in  this  investigation  is  well  elucidated  in  Dr.  Kmg'ft 
report,  published  (with  a  map)  in  the  Records  for  last  November. 

Among  the  Gondwana  rocks.  Dr.  King  was  chiefly  engaged  in  directing  the 
practical  exploration  of  the  Rampur  coal-field,  which  is  the  southern  portion  of 
the  Raigarh  and  Hingir  basin  formerly  surveyed  by  Mr.  Ball  (in  1876).  This 
ground  was  selected  as  being  nearest  to  the  proposed  line  of  railway.  The  sites 
for  borings  selected  by  Dr.  King  were  well  placed,  for  the  coal  was  struck  as 
expected,  but  unfortunately  its  quality  has  proved  uniformly  bad.  Samples  taken 
at  every  foot  of  each  seam  were  carefully  assayed  in  the  Survey  laboratory,  but 
the  proportion  of  ash  in  the  samples  ranged  from  27  to  44  per  cent.,  23  per 
ct'nt  being  the  lowest  amount  in  any  partial  sample,  Mr.  Stewart,  the  Assist- 
aut  Mining  En^nneer  in  immediate  charge  of  the  borings,  has  had  much  expcri- 
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enoe  in  the  work,  formerly  in  the  Satpura  basin  and  lately  under  Mr,  Hnghes  in 
Boath  Bewa;  bo  there  is  erery  ground  for  coufidence  in  the  care  exercised.  The 
same  disappointing  results  have  contiuaed  up  to  date  ;  so  Dr.  King  is  arranging 
to  move  the  boring  operations  to  a  new  field,  though  unavoidably  leas  favourably 
placed  with  reference  to  the  line  of  railway  as  now  projected. 

Dr.  King  reporta  with  satisfaction  of  the  work  done  by  Sub-Assistant  Hira 
Lai  in  tracing  simple  boundaries* 

Mr.  Bose  made  a  wide  traverse  of  the  Vindhyans  to  tfie  south  and  south-west. 

The  defects  brought  to  notice  by  his  previous  season's 
work  are  not  such  as  can  be  quickly  rectified ;  he  still 
displays  a  very  inadequate  conception  of  the  detailed  study  of  rocks  in  the  field. 
He  is  now  working  nnder  the  immediate  direction  of  Dr.  King. 

During  the  season  1884.85,  Mr.  Foote  was  able  to  take  up  his  survey  in  the 

Bellary  District,  from  which  he  had  been  called  away  in  the 
^M^B^M^  previous  season  to  search  for  coal  in  the  gneiss  of  Hyder- 

abad. The  Sandur  hills,  to  the  west  of  Bellary,  were  the 
principal  object  of  investigation ;  they  are  formed  by  one  of  the  bands  of  transition 
rocks  that  traverse  the  peninsula  more  or  less  continuously  with  a  north-north- 
westerly trend,  and  are  all  remnants  of  a  once  wide-spread  formation  which  Mr. 
Foote  now  unites  and  distinguishes  as  the  Dharwar  series,  as  shown  to  be  un« 
conformable  to  the  gneiss,  with  which  it  has  been  intimately  associatad  by  com- 
plete folding  together.  In  the  Sandur  hills  they  contain  masses  of  rich  haema- 
tite. 

Mr.  Foote  made  a  careful  examination  of  the  well-known  diamond  field  at 

Wadjra  Karur  to  which  special  interest  has  lately  been 
Witdjra  Zarur  diamond  attracted  ou  account  of  the  mining  operations  started 
'  there  by  Messrs.  Orr  <fc  Sons  of  Madras.     The  mother- 

rook  of  the  diamond  has  of  course  been  an  object  of  special  search,  but  hitherto 
without  avail  in  India,  for  in  the  oldest  rocks  in  which  this  gem  is  found,  the 
gravel -stones  at  the  base  of  the  upper- Vindhyans,  it  is  only  a  transported  pebble 
like  the  rest  of  its  associates.  It  seemed  as  if  at  last  the  original  matrix  had  been 
found  at  Wadjra  Karur  in  a  '  pipe '  or  *neck  *  of  a  peculiar  tuff -like  trappeau 
pock  observed  there  by  an  explorer  from  South  Africa,  who  declared  this  rock 
to  be  identical  with  the  famous  diamond  matrix  of  Kimberley.  It  waa  upon 
this  very  tempting  inducement  that  the  works  in  question  were  stvted  ;  but 
as  yet  no  speck  of  the  gem  has  rewarded  the  endeavour.  Mr.  Foote  says  that 
the  rock  is  quite  unique  in  his  extensive  experience  in  South  India,  and  is 
completely  isolated  in  the  surrounding  epidotic  granite  gneiss.  The  position  is 
within  a  few  miles  to  the  west  of  the  Kadapa-Karnul  Vindhyan  basin  in  which 
diamonds  are  extracted  from  the  Banaganpilly  sandstone,  and  Mr.  Foote  sought 
diligently  for  any  outlying  remnant  of  that  rock  in  the  neighbourhood  of  Wadjra 
Karur,  but  there  certainly  is  none  now  recognisable,  though  of  course  this  would 
not  preclude  such  an  origin  for  the  local  debris.  It  is  difficult  however  to 
relinquish  hope  in  the  otherwise  extraordinary  coincidence  of  the  occurrence  of 
so  peculiar  a  rock  where  diamonds  have  certainly  been  found  in  considerable 
number  and  of  unusunl  sisso. 
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In  the  Bellary  district  Mr.  Poote  was  within  visiting  reach  of  the  Billa  Sargam 

caves  in  Kamnl  where  his  son,  Lieutenant  Foote,  R.A., 
was  carrying  on  explorations  under  his  direction.  At 
the  close  of  the  season  the  spoils  were  taken  to  Madras  and  carefully  sorted— a 
work  of  no  small  labour  seeing  that  the  registered  specimens  amounted  to  some 
4,700.  A  notice  of  the  excavations  made,  with  an  abstract  of  the  results,  Traa 
published  in  the  Records  for  November  last.  The  exploration  was  extensive  and 
thorough,  and  it  must  be  said  that  the  expectations,  which  chiefly  related  to  pre- 
historic human  remains,  have  been  so  far  disappointed.  The  collections  have  now 
been  despatched  to  Mr.  Lydekker  for  examination,  and  for  description  so  far  as 
may  be  desirable.  Further  exploration  may  fairly  be  postponed  till  the  result  is 
known*  A  reason  for  this  partial  failure  may  perhaps  be  suggested  in  the  fact  that 
these  caves  seem  to  be  and  to  have  always  been  dripping  and  even  water-channels 
in  the  wet  season,  whereas  it  is  only  in  caves  suited  for  shelter  and  even  residence 
that  more  perfect  remains  of  man  or  other  animals  may  be  expected  to  occur. 
Mr,  Hacket  returned  from  furlough  towards  the  end  of  November  1884,  and 

got  into  camp  at  Palampur  on  the  5th  December.    He 
M    H  ck  t  covered  a  large  area  (some  3,000  square  miles)  of  new 

ground  in  Meywar,  in  continuation  of  his  previous  work 
to  the  north.  It  is  entirely  composed  of  the  same  obscure  /rocks — ^the  schists, 
limestones  and  quartzites  of  the  Arvali  system  in  transitional  relation  with  gneisa 
and  granite  masses.  Mount  Abu  is  a  mass  of  coarse  highly  felspathic  gneiss.  It 
will  need  much  time  and  labour  to  unravel  the  normal  sequence  of  these  very 
intricate  formations. 

Mr,  Qriesbach  contributed  to  the  February  number  of  the  Records  a  small 

instalment  of  his  observations  with  the  Afghan  Boundary 
Commission.  The  southern  route  taken  to  Herat  crossed 
the  continuations  of  the  tertiary  and  cretaceous  formations  previously  described 
by  him  at  and  west  of  Kandahar  (Memoirs,  XYIII,  1),  the  hippuritic  limestone 
being  very  prominent,  with  copious  intrusions  of  basic  trap  and  syenitic  granite. 
In  the  axial  range  of  the  Siah  Eoh  and  Doshakh  south  of  the  Herat  valley, 
paleozoic  rocks  make  their  first  appearance,  as  represented  by  a  carboniferous 
Productus-limestone,  dipping  northwards  towards  the  Hari  Rud  valley.  The 
Paropamisus  range,  north  of  the  valley,  seems  to  be  largely  made  up  of  a  great 
plant-bearing  series  which  Mr.  Griesbach  provisionally  parallels  with  the  Indian 
Gondwana  system,  conjecturing  that  it  overlies  the  carboniferous  Productus-lime- 
stone. In  notes  of  a  year's  later  date,  in  the  current  number  of  the  Records, 
Mr.  Griesbach  adheres  to  this  general  rock  sequence,  and  describes  its  distribution 
in  the  Binalat  and  other  ranges  of  eastern  Khorasan. 

The  result  of  Mr.  Oldham's  observations  in  the  Andamans  is  published  with  a 

map  in  the  Records  for  last  August.     It  gives  the  classi- 

Thb  Andamans  :  fication  and  distribution  of  the  rocks  so  far  as  he  was  able 

3fr.  OWW  ^  ^  ^^^^  ^.^^  ^  ^,^^^  ^^  ^jj  ^^^^  explorations.  The 

opportunity  afforded  by  the  Topographical  Survey  operations  can  only  be  said  to 
have  been  better  than  nothing  ;  when  every  move  oould  only  be  as  Siuited  a  totally 
different  object,  there  was  no  possibility  of  continuous  geological  observationa 
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During  the  current  aeason  Mr.  Oldham  is  making  a  tour  through  the  geologically 
unexplored  desert  region  of  north-western  Bajputana,  and  will  resume  his  Hima- 
layan work  in  the  spring.  In  a  letter  just  received  from  him,  dated  the  28th  Jaun- 
ary,  he  makes  an  announcement  of  great  interest  relating  to  the  discussions  no- 
ticed above.  Referring  to  the  boulder  beds  of  Lowo  mentioned  by  Mr.  Blauford 
in  his  paper  on  the  Indian  Desert  between  Sind  and.  Bajputana  (Records,  vol. 
X,  p.  16),  Mr.  Oldham  finds  them  spreading  over  a  large  area,  and  says — **  they 
are  certainly  post-Yindhyan  and  at  the  base  of  the  series  which  runjs  up  into  the 
jurassics,  so  can  hardly  but  be  Talchir. 

Mr.  LaTouche  was  again  (at  my  request)  diverted  from  his  appointed  work  in 

the  Garo  Hills  to  take  advantage  of  the  topographical  ez- 

Af   LaT    he  ploratiou  parly  to  the  head  waters  of  the  Dehing  on  the 

extreme  east  frontier  of  Asi^am.  As  everywhere  in  that 
region,  the  conditions  are  very  unfavourable  for  geological  observationB,  on  account 
of  the  dense  vegetation^  It  has  however  been  ascertained  that  the  whole,  upper 
valley  of  the  Dehiog  is  occupied  by  tertiary  deposits,  chiefly  sandstones,  while 
the  actual  crest  of  the  ridges  to  north  and  east  are  of  crystalline  rocks ;  whether 
any  small  outcrop  of  older  strata  intervened,  could  not  be  made  out.  By  an  un- 
fortunate error  of  judgment  we  have  been  deprived  of  what  might  have  more 
than  compensated  for  the  interruption  of  our  regular  work :  a  small  detachment 
of  the  party  crossed  the  watershed,  and  made  some  days'  march  to  the  north-west 
branch  of  the  Irawadi ;  the  two  officers  who  went  on  this  trip  were  in  the  same 
line  of  work,  and  the  only  nuan  of  the  party  whose  eyes  were  something  more  than 
optical  instruments  was  left  behind.  It  would  be  more  to  the  credit  of  the  service 
and  for  the  public  advantage  if  on  such  occasions  petty  considerations  of  senior- 
ity were  laid  aside. 

Mr.  Jones  did  a  good  season's  work  in  mapping  the  whole  area  hitherto  known 
Th«  PiiroH  OoA£-        ^  *^®  Pench  coal-field  and  for  some  distance  to  the  west 
FULD :  in  the  direction  of  the  Shahpur  coal-field  on  the  same 

Mr.  Jonet,  {south)  side  of  the  Satpura  Oondwana  basin.     He  haa 

added  several  new  outcrops  of  coal  to  those  marked  many  years  ago  by  Mr.  Blan- 
ford  and  Major  Ashbumer.  There  seemed  at  flrst  an  intention  on  the  part  of 
the  Chief  Commissioner  of  the  Central  Provinces  to  take  advantage  of  Mr.  Jones' 
presence  to  have  the  measures  tested  by  trial  borings,  but  the  old  difficulty  re- 
garding this  field  has  again  prevailed :  it  is  too  remote  and  inaccessible  for  a 
special  coal  line  in  either  direction  to  be  remunerative,  and  the  authorities  consider 
that  as  a  through-line  it  would  not  lead  to  any  important  traffic. 

The  earthquake  in  Kashmir  occurred  just  at  the  close  of  the  field  season  and 

Mr.  Jones  was  deputed  to  report  upon  it.  The  same 
The  Kashkir  Eabth-      cause  that  made  it  so  disastrous  in  respect  of  loss  of  life — 

the  mode  of  construction  of  the  native  houses,  whereby  the 
heavy  earthen  roofs  simply  collapsed  between  the  crumbling  walls— left  little  oppor- 
tunity for  critical  observation  of  direction.  Mr.  Jones'  report,  in  the  Records 
for  November,  seems  to  make  the  most  of  what  facts  he  could  collect.  It  wa^ 
especially  unfortunate  that  Sir  Oliver  St.  John  was  laid  up  with  illness  during  the 
time  of  Mr.  Jones'  visits  thoa  depriving  him  of  invaluable  assistance  in  gaining 
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information.  Sir  Oliver  considers  tbat  the  diBtribntioii  of  mazimtiin  rnin  would 
indicate  for  the  focns  a  position  more  to  the  north- west  than  that  assigned  hj 
Mr.  Jones. 

During  last  season  Mr.  Middlemiss  had  the  north,  west  Himalaya  all  to  him- 

Thv  KincATTN  HncA-         ^^^^f  ^^^  ^®  "^^  very  near  making  another  distingnished 

XATA:  mark  in  the  year's  calendar  by   an  important  find  of 

Mr,  MiddlemUi.  fossils.     Even  more  than  peninsnlar  India,  the  Lower 

Himalayan  region  has  ever  been  a  perplexity  to  ns  for  want  of  fossil  gnidanoe. 
The  few  obscure  fossils  found  by  myself  in  1861  in  the  Tal  river  section,  at  the  east 
end  of  the  Dehra  Dnn,  have  remained  ever  since  the  only  known  organic  remabis 
older  than  nnmmnlitic  south  of  the  snowy  range,  although  repeated  search  has 
been  made  by  expert  geologists  and  others.  Some  miles  to  the  east  of  the 
Tal,  but  in  the  same  set  of  beds,  Mr.  Middlemiss  collected  a  more  Bumerons 
and  somewhat  better  set  of  fossils,  and  with  laudable  enthusiasm  he  made 
an  attempt  to  recognise  their  ^cies  and  to  assign  a  horizon  for  them,  as  was 
announced  in  the  Records  for  May  last.  When  brought  down  to  Calcutta  we 
were  unable  to  confirm  the  opinion  passed  upon  them,  and  as  we  are  most 
unfortunately  at  present  without  a  paledontologist,  the  whole  were  sent  to 
Dr.  Waagen  with  much  hope  that  he  would  give  us  a  clue.  In  this  we  were 
disappointed ;  even  this  high  authority  can  only  say  of  the\n  that  the  facies  seems 
nlihcrmesozoic  than  paladozoic,  thus  at  least  partially  confirming  Mr.  Middlemiss' 
diagnosis.  The  prospect  has  however  been  brightened  by  this  discovery;  Mr. 
Middlemiss  has  traced  these  beds  over  a  considerable  area  in  Kumaun  and  they 
must  ere  long  yield  something  intelligible. 

In  a  letter  (dated  28th  January)  just  received  from  Mr.  Middlemiss  he 
announces  an  important  correction  in  the  position  he  had  assigned  for  these 
fossiliferouB  beds  of  the  Tal.  In  the  sections  described  by  him  in  May  last  the 
fossiliferous  group  seemed  to  underlie  the  massive  limestone  of  the  overhanging 
ridge.  He  has  recently  found  clear  sections  in  the  gorge  of  the  Ganges  showing 
that  the  normal  position  of  the  Tal  group  is  above  the  ^massive  limestone^  and 
there  next  below  the  nummulitic  band. 

The  Bengal  earthquake  also  happened  conveniently  during  the  recess  from 

Thb  Bbnoal  Eabth-      field  work,  and  Mr,  Middlemiss  was  entrusted  with  the 

i^uAKB.  investigation.     He  was    fortunate  in  securing  tolerably 

good  observations  in  positions  favourable  for  ascertaining  the  focus  of  the  shock. 

PMtcations. — Two  Memoirs  were  published  during  the  year,  being  Mr. 
Hughes'  report  on  the  southern  coal-fields  of  the  Bewah  Oondwana  basin,  with 
a  large  map  of  this  very  extensive  area,  and  several  small  maps  of  some  special 
coal-fields,  forming  part  3  of  volume  XXI ;  and  part  4  of  the  same  volume,  being 
Mr.  Mallet's  description  of  the  volcanoes  of  Barren  Island  and  Narcondam. 

The  Records  for  the  year,  being  volume  XVIII  of  the  series,  contain  twenty- 
nine  articles  of  various  interest  on  current  work  relating  to  the  geology  of  India. 

Although  we  are  still  deprived  of  the  services  of  a  palaeontologist  in  India 
whereby  much  inconvenience  and  delay  has  been  caused  both  in  our  field  work 
and  in  the  inuseum,  the  publication  of  the  PaUeontologia  Indica  has  made  &ir 
progress  during  the  year,  thanks  to  the  special  arrangements  made  for  this  most 
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important  work,  and  to  tlie  generous  co-operation  of  palfisontologists.  Of  series 
XIVy  fasciculus  5  of  part  3,  describing  the  fossil  Echinoidea  from  the  Oaj 
or  miocene  series  of  Sind,  was  brought  out  during  the  year  by  Professor  Martin 
Duncan  and  Mr.  Percy  Sladen.  The  concluding  part  of  this  volume  is  now  in 
the  press. 

Of  Dr.  Waagen's  work  on  the  Salt-range  fossils  there  were  issued  fasciculus 
5  of  part  4,  concluding  the  Brachiopoda,  and  part  5,  containing  the  Bryoxoa, 
Annelida  and  Gchinodermata  of  the  Productus-limestone  series.  The  plates  and 
manuscript  for  the  concluding  part  of  the  Productus-limestone  series  are  well 
advanced ;  and  Dr.  Waagen  informs  me  that  good  work  has  been  done  in  prepar- 
ing the  material  for  the  second  division  of  the  Salt-^ange  fossils  series — the 
Ceratite  beds. 

Mr.  Lydekker  has  been  very  diligent  with  his  division  of  our  work.  Of  series 
XY,  Indian  Pretertiary  Vertebrata^  he  brought  out  during  the  year  part  4,  on  the 
Labyrinthodonti  from  the  Bijori  group ;  and  part  5,  the  Reptilia  and  Amphibia 
of  the  Maleri  and  Denwa  groups,  couclading  volume  I  of  this  series ;  also  part  6, 
the  Siwalik  and  Narbada  Ghelonia,  of  series  X,  devoted  to  Indian  Tertiaxy  and 
Post.tertiary  Vertebrata.  He  has  a  troublesome  job  before  him  in  the  numerous 
collections  of  bone  fragments  from  the  Karnul  caves  ;  but  a  very  large  proportion 
of  them  are  probably  unfit  for  specific  or  even  generic  identification,  Mr.  Foote 
seems  to  have  been  so  ultra-scrupulous  in  preserving  every  fragment  that  turned  up. 

Mu$ewn. — The  collections  are  steadily  increasing  in  value  by  the  return,  of  the 
type  specimens  described  in  the  Palseontologia.  Mr.  Blyth  has  amply  justified 
the  appointment  of  a  museum  assistant ;  with  this  help  it  has  been  possible  to  get 
all  the  collections  into  something  like  thorough  order.  He  has  also  been  very 
useful  to  Mr.  Mallet  in  the  laboratory.  Contributions  to  the  museam  are  notified 
quarterly  in  the  Records.  Mr.  Wood-Mason  has  recently  presented  some  interest- 
ing fossils  collected  by  himself  in  the  Raniganj  coal-measures  and  described  by 
Dr.  Feistmantel  in  the  Journal  of  the  Asiatic  Society  of  Bengal. 

Library, — There  were  1,762  volumes  or  parts  of  volumes  added  to  the  library 
during  the  year;  978  by  presentation  and  784  by  purchase. 

Fersonnel, — Mr.  Hughes  was  throughout  the  year  on  detached  duty,  in  charge 
of  the  new  colliery  operations  at  Umaria.  Mr.  Fedden  was  absent  on  furlough 
for  the  whole  year.  Sub- Assistant  Kishen  Singh  also  took  furlough  for  a  year. 
The  failure  of  our  permanent  paleeontologist^  as  above  mentiond,  was  owing  to  Dr. 
Fiestmantel  having  accepted  a  professorship  at  Prague  and  resigned  his  appoint- 
ment on  the  Indian  Survey  at  the  termination  of  his  two  years'  furlough.  We  are 
at  least  fortunate  in  the  period  at  which  this  disappointment  has  occurred ;  in  his 
three  volumes  on  the  Gondwana  Flora  he  has  cleared  up  many  difficulties  connected 
with  the  principal  rock  system  of  India,  and  given  us  a  standard  for  future  work 
in  that  branch  of  palaeontology. 


Calcutta, 
The  8Ut  January  1886. 


H.  B.  MEDLICOTT, 
Director  of  the  Geological  Survey  of  India, 
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Lid  of  Societies  and  other  Inetitutume  from  which  PvJbluxLtione  hkve  been  received 
in  donation  or  exchange  for  the  Library  of  the  Geological  Survey  of  India^ 
during  the  year  1885, 

Batayia. — Batavian  Society  of  Arts  and  Sciences. 
Bblitast.-—  Natural  History  and  Philosophical  Society. 
Berlin. — German  Geological  Society. 

,y  Royal  Prussian  Academy  of  Science. 

BoLOQNA. — Academy  of  Sciences. 
Bombay. — Bombay  Branch,  Royal  Asiatic  Society. 

y,  Meteorological  Department. 

Boston. — American  Academy  of  Arts  and  Sciences. 
„  Society  of  Natural  History. 

„  State  Library  of  Massachusetts. 

Bbbslau. — Silesian  Society. 
Bbisbanb. — Royal  Society  of  Queensland. 
Bristol. — Bristol  Museum  and  Library. 
„  Bristol  Naturalists'  Society. 

Brussels. — Royal  Academy  of  Belgium. 

Royal  Geographical  Society  of  Belgium. 
Royal  Malacological  Society  of  Belgium. 
Royal  Natural  History  Museum  of  Belgium. 
Budapest. — Hungarian  Geological  Society. 
Hungarian  National  Museum. 
Royal  Geological  Institute,  Hungary. 
Buenos  Aires. — ^National  Academy  of  Sciences,  Cordoba. 
Calcutta. — ^Agricultural  and  Horticultural  Society. 
„  Afiiatic  Society  of  Bengal. 

,,  Meteorological  Department^  Goyemment  of  India. 

Presidency  College. 
Survey  of  India. 
The  Calcutta  University. 
Cambridqe. — Cambridge  University. 
„  Philosophical  Society. 

Cambridqe,  Mass. — Museum  of  Comparative  Zoology. 

Christiania. — Editorial   Committee,   Norwegian  North  Atlantic  Expe- 
dition. 
„  Norwegische  Comm.  der  Europaischen  Gradmessnng. 

Cincinnati. — Society  of  Natural  History. 
Copenhaoen. — Royal  Danish  Academy, 
Davenport.— Academy  of  Natural  Sciences. 

Delft. — Polytechnic  School. 
Denver. — Colorado  Scientific  Society. 
Dresden. — Isis  Society. 
Dublin. — Royal  Dublin  Society. 
Edinburgh. — Geological  Society. 
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Edinburoh. — ^Eoyal  Scottisli  Society  of  Arts. 
„  Scottish  Geographical  Society. 

Geneyi. — Physical  and  Natural  History  Society. 
Glasgow. — Geological  Society, 
„  Glasgow  University. 

„  Philosophical  Society. 

GoTTiNGEN. — Royal  Society. 

Hallb. — Leopoldino  Academy, 
„  Natural  History  Society, 

Hamilton,  Canada. — The  Hamilton  Association. 

Habbisburg. — Second  Geological  Survey  of  Pennsylvania. 

HoBABT. — Royal  Society  of  Tasmania. 
KoNiGSBKBG. — Physlkalisch-Okonomische  Gesellschaft, 
Lausanne. — Vaudois  Society  of  Natural  Sciences. 
Li^GB. — Geological  Society  of  Belgium. 
Lisbon. — Geological  Survey  of  Portugal. 
LiVBBPOOL. — Geological  Society. 

„  Literary  and  Philosophical  Society. 

London.— British  Museum. 

Geological  Society. 
L'on  and  Steel  Institute. 
Linnean  Society. 

Royal  Asiatic  Society  of  Great  Britain  and  Ireland. 
Royal  Geographical  Society. 
Royal  Institute  of  Great  Britain. 
Royal  Society. 
Society  of  Arts. 

The  Editor  of  the  "Journal  of  Science." 
Zoological  Society. 
Madras. — Agricultural  Department. 
Madras  Ohservatory. 
Meteorological  Department. 
Madbid. — Geographical  Society. 
Manchestbb. — Geological  Society. 

Mblbodbnb.— Department  of  Mines  and  Water-supply,  Victoria. 
„  Royal  Society  of  Victoria. 

Milan. — ^Royal  Institute  of  Science,  Lombardy. 
Minneapolis. — ^Minnesota  Academy  of  Natural  Science. 

MoNTBEAL. — Geological  and  Natural  History  Survey  of  Canada. 
Moscow. — Imperial  Society  of  Naturalists. 
Munich. — Royal  Bavarian  Academy. 
Nbuchatel. — Society  of  Natural  Sciences. 
Newoastle-on-Ttnb. — ^North  of  England  Institute  of  Mining  and  Mechanical 

Engineers. 
Nbw  Haven. — Connecticut  Academy  of  Arts  and  Sciences. 

„  The  Editors  of  the  "  American  Journal  of  Science." 
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Paris. — Geographical  Society. 

„         Geological  Society  of  France. 
„         Mining  Department. 
Pknzahcb. — Royal  Geological  Society  of  Cornwall. 
Philadelphia. — Academy  of  Natural  Sciences. . 
„  American  Philosophical  Society. 

„  Franklin  Institute. 

Pisa. — Society  of  Natural  Sciences,  Tuscany. 
Bio  de  Janeiro. — School  of  Mines. 

Rome. — Royal  Geological  Commission  of  Italy. 
RoORKBB. — Thomason  College  of  Civil  Engineering. 
Sacramento. — California  State  Mining  Bureau. 
St.  pETERSBORa. — Geological  Commission  of  the  Russian  Empire, 
„  Imperial  Academy  of  Sciences. 

Salem,  MASs.-^Amerioan  Association  for  the  Advancement  of  Science. 
,y  Essex  Institute. 

„  Peabody  Academy. 

San  Francisco. — California  Academy  of  Sciences. 

Shanghai. — North  China  Branch,  Royal  Asiatic  Society. 
SiNOAPORE. — Straits  Branch,  Royal  Asiatic  Society. 
Stockholm. — Geological  Survey  of  Sweden. 

„  Royal  Swedish  Academy. 

Strasburo. — Royal  University, 
Stonby. — ^Australian  Museum. 

Department  of  Mines,  New  South  Waleo. 
Royal  Society  of  New  South  Wales. 
ToKiQ« — Seismological  Society  of  Japan. 
Toronto. — Canadian  Institute. 

Turin. — ^Royal  Academy  of  Sciences. 
Vienna, — Imperial  Academy  of  Sciences. 
„  Imperial  Geological  Institute. 

Washington. — Commissioner  of  Agriculture. 
„  Department  of  the  Interior. 

9«  National  Academy  of  Sciences. 

,y  Smithsonian  Institute. 

„  United  States  Geological  Survey. 

Wellington. — Geological  Survey  of  New  Zealand, 
„  New  Zealand  Institute. 

Yokohama. — Asiatic  Society  of  Japan. 
„  German  Naturalists'  Society. 

York. — Yorkshire  Philosophical  Society. 
Zurich. — Natural  History  Society. 
The  Secretary  of  State  for  India. 
The  Governments  of  Bengal,  Bombay,  Madras,  North -Western  Provinces  vA 

Oudh,  and  the  Punjab. 
Chief  Commissioners  of  Assam,  British  Burma,  and  Central  Provinces. 
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* 

The  Commissioner  of  Northern  India  Salt  Bevenue. 
The  Resident  at  Hyderabad. 

The  Superintendent  of  Government  Printing,  Indiai 

Departments  of  Finance  and  Commerce,  Foreign,  Home,  and  Revenue  and 
Agricnltnre. 


Report  on  (he  International  Geological  Congress  0/  Berlin  6y 

W.  T.  Blanford,  LL.D.,  P.R.S. 

The  third  International  Geological  Congress,  postponed  in  1884  on  account  of 
the  prevalence  of  cholera  in  Southern  Europe,  has  now  been  held  in  Berlin  in  the 
week  commencing  on  the  27th  September  last.  Acting  upon  instructions  received 
from  the  Government,  at  the  desire  of  the  Director  of  the  Geological  Sur- 
vey of  India,  I  attended  this  congress,  like  that  of  Bologna  in  1881,  as  the 
representative  of  the  Indian  Geological  Survey.  The  following  brief  account  of 
the  proceedings  and  results  of  the  Berlin  Congress  is  similar  to  that  which  I  wrote 
on  the  previous  occasion,  and  which  was  published  in  the  Records  of  the  Geologi- 
cal  Survey  of  India  for  1882,  Vol.  XY,  page  64. 

The  meeting  at  Berlin  was  held  in  the  Reichstagsgebaude  (HoTise  of  the  Im- 
perial Parliament),  in  the  hall  in  which  the  German  House  of  Representatives 
meet.  Council  and  committee  meetings  were  in  adjoining  rooms.  A  collection 
of  maps  and  geological  specimens,  many  of  which  were  of  great  interest,  was 
exhibited  at  the  Bergakademie  (Mining  School). 

The  attendance  of  geologists  was  considerably  larger  than  at  Bologna,^ 
amounting  altogether  to  255,  of  whom  163  came  from  Germany,  16  from  Austria- 
Hungary,  18  from  Italy,  11  from  Great  Britain,  10  from  France,  9  from  the 
United  States,  6  from  Russia,  the  same  number  from  Belgium,  and  smaller 
numbers  from  other  countries.  Asia  was  represented  by  one  member  from 
Japan  and  one  from  India.  Amongst  those  who  were  present  were  nearly  all 
the  principal  geologists  of  Germany,  and  the  representation  of  other  countries 
was  both  larg^  and  important. 

The  arrangements  as  to  the  Bureau  (council  or  general  committee)  and  the 
selection  of  vice-presidents,  secretaries,  &c.,  were  similar  to  those  of  Bologna. 
The  president  was  Professor  E.  Beyrich,  and  the  general  secretary,  Mr.  W. 
Hauchecome.  These  two  geologists,  it  may  be  mentioned,  are  the  directors  of 
the  new  geological  map  of  Europe,  by  far  the  greater  share  of  the  work  upon 
which  has  been  undertaken  by  them.  The  honorary  president,  Professor  H. 
von  Dechen  of  Bonn,  who  attended  the  meeting  throughout,  belongs  to  the 
generation  of  geologists  who  were  contemporaries  with  LyeU  and  Murchison.'  It 
would  be  difficult  to  name  ajiy  one  more  generally  respected  throughout  the 
scientific  world.  Professor  G.  Capellini,  the  able  president  of  the  Bologna  Con- 
g^ss,  also  attended  the  meeting. 

1  The  namber  aotttnUy  present  at  Bologpnn  was  225,  of  whom  150  were  from  Italy. 
*  His  election  as  foreign  memher  of  the  Geological  Society  of  Loudon  dated  from  1827,  or  m4 
years  before  the  date  of  eleotioa  of  any  other  foreign  member  now  living. 
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In  one  important  point  the  last  congress  differed  from  that  wUch  preceded 
it.  The  whole  of  the  time  at  Bologna  was  devoted  to  the  discnssion  of  qnestions 
relating  to  nomenclatnre,  geological  and  palsBonfcologiciil,  or  to  map  colouration. 
At  Berlin  only  a  portion  of  each  sitting  was  occupied  with  similar  discassions,  the 
remainder  being  reserved  for  papers  on  various  geological  subjects  and  contri- 
buted by  writers  from  several  different  countries.  These  papers  will,  it  is  under- 
stood, be  published  in  the  volume  containing  the  results  of  the  meeting.  It 
is  a  question  whether  several  of  these  papers — ^perhaps  the  majority — were  not 
better  adapted  for  meetings  of  scientific  societies  than  for  presentation  to  a  body  of 
geologists  drawn  from  various  nations.  Some,  indeed,  irrespective  of  the  subjects 
treated,  were  scarcely  of  sufficient  importance  to  deserve  international  attention. 
On  the  other  hand,  the  time  devoted  in  the  discussion  of  questions  of  the  highest 
importance  was  utterly  insufficient,  and  such  matters  as  the  classification  of  tertiary 
rocks  and  even  the  number  of  tertiary  systems  were  not  considered  at  all. 

Arrangem&nU  at  close  of  Bologna  Gongresg, — In  order  to  understand  the  pro- 
ceedings at  Berlin,  it  is  necessary  to  refer  to  the  arrangements  made  at  the  close 
of  the  Bologna  meeting.  The  principal  objects  of  that  congress  were  to  agree 
upon  a  system  of  geological  nomenclature,  to  define  a  scale  of  colours  for  geological 
maps,  and  to  formulate  laws  for  the  regulation  of  palseontological  nomenclature. 
All  of  these  projects  were  partially  carried  out.  The  tenns  to  be  applied  to  the 
principal  kinds  of  divisions  nnder  which  it  was  proposed  to  classify  sedimentarj 
rocks  were  noted,  and  designations  approved  for  the  corresponding  divisions  of 
geological  time.  The  colours  for  tertiary,  cretaceous,  Jurassic  and  triassic  beds, 
and  for  crystalline  schists,  were  accepted,  those  for  palasozoic  systems  being  referred 
to  a  committee  appointed  to  arrange  for  the  publication  of  a  geological  map  of 
Europe.  Some  simple  rules  for  paleeontological  nomenclature  were  also  discussed 
and  approved  by  a  majority. 

In  addition  to  the  progress  made  in  coming  to  an  agreement  upon  the  various 
propositions  laid  before  the  congress,  it  was  resolved  to  appoint  a  committee  for 
the  preparation  and  publication  of  a  geological  map  of  Europe  on  the  scale  of 
1 :  1,500,000  (23'67  miles  to  an  inch),  and  to  this  committee  were  referred  for 
further  consideration  various  details  connected  with  colouration,  such  as  the  tints 
to  be  adopted  for  palceozoic  rocks,  as  already  mentioned.  Another  and  larger 
committee  was  appointed  to  carry  on  further  the  attempt  at  rendering  geological 
nomenclature  uniform. 

International  committee  meetings  in  1882  and  1888, — ^Meetings  of  both  these 
committees  were  held  simultaneously  at  Foiz  (Southern  France)  in  September 
1882,  and  at  Zurich,  in  Switzerland,  in  August  1883.  Both  meetings  were  very 
fairly  attended,  and  I  was  able  to  be  present  on  both  occasions.  The  proceedings 
at  Foix  were  for  the  most  part  preliminary,  and  it  was  chiefly  at  Ziirich  that  the 
actual  discussion  on  nomenclature  took  place. 

Meantime  considerable  progress  was  made  with  the  topography  of  the  new 
geological  map  of  Europe,  and  a  complete  scheme  of  geological  colours  was  pro- 
posed at  Foix.  It  will  be  necessary  to  revert  to  this  subject  because  several  of  the 
decisions  of  the  congress  at  Berlin  refer  to  this  map,  and  consequently  have  not 
the  same  scope  as  the  decisions  of  the  Bologna  meeting. 
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The  moBt  important  qoestiozi  in  geological  classi&eatioQy-^more  important  tHan 
the  defixution  of  such  terspaa  aa  group,  ajBtem,  era,  period,  4bo.,— *is  the  formation  of 
a  geological  time  scale,  bj  which  to  compare  the  sedimentary  formations  of  differ- 
ent conntries.  Up  to  a  certain  point  there  is  a  fairly  general  agreement.  Nearly 
all  geologists  consent. to  a  sub-division  of  sedimentary  rocks  into  palasozoic, 
mesozoic,  and  csenozoic  or  tertiary  \  and  several  of  the  systems  and  even  the 
series  into  which  each  of  these  groups  is  divided  are  also  generally  recognized ; 
but  there  are  some  sub-divisions»  such  as  the  so-called  Quaternary,  the  Permian 
and  Rhffitic,  the  rank  or  the  a£&nitie8  of  which,  or  both,  are  far  from  being  defi. 
nitely  fixed.  . 

The  discussion  at  Zurich  ^as  chiefly  directed  to  the  determination  of  the  sys. 
terns  into  which  the  greater  groups  should  be  divided.  The  divisions  proposed 
at  Foix  for  the  map  ef  Europe  by  a  oonunittee  of  Qerman  and  Austrian  geolo- 
gists^ assembled  for  the  purpose  were  the  following  :— 

1.  Guelifl  Att^  Protogtnd. 

2.  GryBtHUbtd  Sehltts. 

8.  Pl^Uitoi  (aioic  «latoi»  ^.)* 

4.  Cambrian. 

6.  Lower  Silurian. 

6.  Upper  Silariau. 

7.  Lovrer  IXevoniaa.  - 

8.  Middle  Devonian. 

9.  Upper  Devoniaiu 

10.  Lower  GarboniferouB  (monQtaia-limeetx>ne»  &oO» 

11.  Upper  Carboniferous  (coal- measares,  mill8toue«grlfc,  &c.). 

12.  Lower  Permian  (Bothlicgendes). 
18.  Upper  Pennian  (Zee^teiu,  &e.). 

14.  Lower  IViea  (Boater). 

15.  Middle  Trias  (Muschelkalk). 

16.  Upper  Trias  (Keuper). 
16^.  BhflBtic  {jprotMxonaUy), 

17.  Lower  Jurassic  (Lias). 

18.  Middle  Jarassic  (Dogger,  including  the  Callovian). 

19.  Upper  Jnraesio  (Malm  with  Tiihonian  and  PwbecJk) « 

20.  Lower  Cretaceous. 
20|.  Qanlt  ( pronUionally), 

21.  Upper  Cretaceous. 

22.  Eocene. 

22\.  Flysch  (profdsionalljf), 

as.    OUgooene  (with  Aqaitanian). 

24.  Miocene. 

25.  Pliocene. 

26.  Diluvium  (Pleistocene). 

27.  Alluyium. 

Bhffitic,  Gault,  and  Fl jsch  were  merely  inserted  as  provisional  terms. 

Before  the  meeting  of  the  committees  at  Ziirich,  a  circular  was  sent  by  the 
president,  Professor  Gapellini,  pointing  out  that  there  were  seven  questions  of 

'  Including  Professors  Von  Dechen^  Qiimbel,  Von  Haaer,  F.  Roemer,  and  H.  Credner,  besides 
Pibfcisor  Beyrich  and  Mr.  Haucbecorne. 


paorlfasidflnriatanBirTe^uicing  aolAtion;.3a  ordalrt]iteivihdi9ei[AQgt^;c]aKdficskion  to 
be  **«i»plQjred  ifi- tbe  map  of  Eaifc^pe' skoold  be.^etoKsiisifidl'    These  questiona 

.  L.*  'I>(r  yoa  ApfRtive  fdr  the  indei  to'themsp  of  ihunipv  of  fte'  d7-  -stroligmpfai- 

..  H     ^,'  .bad  diyi0i6tia '  mentioiwd ' ou  page  6  <of  the^  Haooihd  '{tmnpt^  fendv^)  of  the 

Foix  prooeedingH,  or  dcr  yon  wialiilw BAJmodifiisatibiiB^'fiaid  whaimie* 

'  .2;eAib)yoxLd£  opinioii  A&ittlm.Rha8tie«hptildb&iiidtedvta  ih&  Liae  or  to  Hhs 

3.  Should  the  Gault  be  joined  to  the  lower  or  to  the  npper.CSret^QeooBf 
I.)  4i'.eiioiAdr.«U0'2%n;rl)e  tftu);ea^*the  ^imw  (sri»''^tie<^igoem^9  . 
v\&  Theiaim|^*Qea' JiDt  iwcix^  j«t  detefrnuoc^' the  ■  cowv«iitnmal' ooloiim  ior 
palfiBOZoic  periods,  do  you  approve  of<^  iiie'  fotiowiu^  pvopoaed  by  the 
I'    !'    diUotoiv  ef  idle  maj^  P 


•  •     •  • 
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Cambrian,  reddish  grey. 
Lower  Silnri&n,  dark  sage-green'  (vert-foie)."  ' 
«       .  17j}p0rSil«tii«i,-pftte  •  "   „    .  •         '   '  '        ."  L    ':     : 

Lowj^  I>airaiitBo,  d4r]c•frvclmiakt^te«|«fQ.v 
Sliddle  D«yaoii^i»  msdimn  .     ,    M  -.'.■■ 
Upper  Devoniajij  pale               .     j» 
■  Lower  Carbonlferoas,  bluisli  grey. 

Upper  Carbonif eroas,  grey. 
•'■  LoWi^r  Pennian,  bamt  si^tma.    -'  *    ' 
-  Upper  Permlt«i»  aepim 

^    6.  Be  80  good  as  to  propose  a  terill  as  the  chronological  eqaivAletit  of  (imsey 
^    to  represent  from  "this  point  of  view,  divisions  of  the  fifth  order. 
7.  Would  you  recommend  that  the  terms  group  and  series  should  be  inter- 
changed, as  was  proposed  at  Foix  ;  that  divisions  of    the    first   order 
should  be  called  series,  and  those  of  the  third  order  groups  P 

To  these  questions  replies  were  sent  by  a  few  national  committees.  Questions 
2f  3,  and  4  are  really  part  of  question  1,  and  they  were  discussed  at  Zurich  before 
the  others. 

On  the  subject  of  the  Khflstic  opinions  were  greatly  divided.  In  France  and 
England  the  Infra-lias,  Avicula  oontorta  or  Penarth  beds  are  so  intimately  con- 
nected with  the  Lias  that  for  a  long  time  they  were  classed  as  a  part  of  it.  In 
the  Eastern  Alps  on  the  other  hand,  as  in  the  Himalayas,  the  Kh»tic  beds  are 
much  more  developed  and  form  the  uppermost  portion  of  the  Triassic  syBtem. 
Lastly,  in  Franconia  the  Rhffitic  beds  are  actually  intercalated  in  the  uppermost 
clays  of  the  Keuper.  A  compromise  was  finally  adopted  for  the  map  of  Europe^ 
the  Rhestic  being  represented  by  coloured  cross-lines  applied  either  to  the  Triasaio 
or  Jurassic  colour)  according  to  what  was  considered  correct  in  difEerent  localitieB. 

^  Mr.  Blauford  did  not  translate  vert -sole,-  and  I  cannot  find  the  term  in  any  available 
authority,  living  or  printed.  Mr.  T.  Wardle,  an  expert  in  the  technology  botSi  of  colours  and  of 
Bilk,  haa  given  me  '  sage-green '  as  the  nearest  term  for  the  silnrian  colour  in  the  '  Qamme  des 
oonleurs '  issued  by  the  international  map  committee,  and  this  is  presumably  the  vert^oit  o£  the 
tezt^fi.  B.  M. 
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The  union  oi  the  Chmlt  with  the  upper  or  the  lower  Cretao^dUB  was  also  a 
matter  on  which  there .  was  much  diversity  of  opinion.  The  majority  were  in 
favour  of  dividing  the  cretaceous  into  three  series,  and  of  making  the  Gault  and 
upper  Oreensand  (Cenotmanian)  the  middle  dirision;  but  if  this  were  £ound  im- 
practicable in  the  case  of  the  map  of  Europe,  it  was  agreed  though  not  without 
sirong  opposition  to  include  the  GauU  in  the  loweiv.  Cretaceous. 

The  Eljsch,  it  was  shown  by  several  geologists,  is  not  a  distinct  and  definite 
sub-division,  but  a  peculiar  petrograpfaical  condition  of  beds  that  are  of  vanioas 
ages,  some  being  cretaceous.  It  was  unanimously  agreed  to  omit  the  name  from 
the  map  altogether. 

These  preliminary  questions  having  been  settled,  the  remaining  divisions  to 
be  adopted  for  the  jnap  of  Burope  were  discussed,  oommencing  with  the  lowiest^ 
and  the  following  decisions  were  arrived  at. 

It  was  agreed  unanimously  that  the  three  lowest  divisions  should  be  united 
into  a  single  system,  to  be  termed  Archaoan.^  It  was  urged  that  some  other  term 
than  PhyUiies  should  be  used  f cm:  unaltered  er  slightly  altered  Pre-cambrian  beds. 

The  union  of  Cambrian  and  Silurian  into  a  single  system  with  three  sub- 
divisions was  supported  by  6  votes  out  of  10  who  voted. 

The  Devonian  was  recognised  as  a  system  divided  into  three  series ;  it  was 
however  pointed  out  that  this  system  is  far  inferior  in  development  to  the  united 
Cambrian  and  Silurian. 

On  the  question  whether  the  Pormian  should  remain  a  distinct  system,  or 
be  classed  as  the  uppermost  series  of  the  Carboniferous,  the  votes  were 
equally  divided.  It  was  however  agreed  tb&t  one  sub-division  sufficed  for  the 
Permian,  the  Zechstein  being  represented  by  a  special  marking  on  the  Permian 
colour. 

The  Trias  was  not  discussed.  It  should  however  be  mentioned  that  the  old 
classification  under  which  this  system  is  divided  into  Bunter,  Muschelkalk,  and 
Keuper,  is  opposed  by  many  geologists,  who  urge  that  the  alpine  sequence,  com- 
posed entirely  of  marine  beds,  is  more  typical  and  alEords  better  characters  for  com.- 
parison  than  that  of  Central  Germany,  where  two  of  the  sub-divisions>  Bunter  and 
Keuper,  are  nearly  or  entirely  destitute  of  marine  fossils,  whilst  the  fauna  of  the 
Maschelkalk  is  peculiar  and  local.  The  alpine  beds  show  that  there  is  no  distinc- 
tion between  the  faunas  of  th  ebeds  representing  Muschelkalk  and  Bunter  respect- 
ively comparable  with  the  difference  between  these  two  lower  marine  sub-divi- 
sions,  and  that  representing  the  Keuper,  and  consequently  that  a  twofold  and 
not  a  threefold  division  is  indicated. 

After  considerable  discussion  the  limit  between  middle  and  lower  Jurassic  was 
drawn  below  the  beds  with  Ammonites  opalinus  (upper  Toarcian)  and  that  between 
upper  and  middle  Jurassic  at  the  base  of  the  Callovian. 

This  was  practically  the  close  of  the  session,  the  cretaceous  sub-divisions 
having  been  previously  discussed.  No  attempt  was  made  to  enter  upon  tha 
subject  of  tertiary  systems. 

'  At  the  Berfitt  congrem,  us  will  be  seen,  tbc  term  group  was  substituted  (in  this  connection^ 
for  sjstem. 
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Ai-a  pspevioua  flitti^g>  kow^vf r,  tbe  (^MffiQwirlioiiwi^  Imt  4td<»ptBd  for  -igieoiu 
To^kfi  bad  bo^ii  disctju^sed  ai  some  Jtagth^  Theongimal  propoaai  saaide  a^  Fmz  bjr 
Pro^esfipr  B9yrii^>.o«k^  of  (he  di^eciifQar^of  feher«ia^  waa  to  diiride  igveooa  rodu  lAtx) 
£ire  c)M0ea,-^gra«|itie,  poipliT^tic,  «i0lap%ritia»  iniidbiiiov^iid  basaitia*^  (IFhere 
"was  a  still  earlier  proposal  by  the  Hungarian  oontaiitlieQ  in  IBBl^taadoftifim 
classes,  but  xnelapbyre  and  it»  allies  were  omitted  ai)d  a  separate  group  of  modern 
volcanic  rocks  added.)  At  Zurich  two  proposals  were  brongbt  forward,  one  b?  the 
Swiss  committee  of  nomenclature,  tbe  other  by  Prqfessor  Neumayr»  the  Austrian 
member  of  the  International  Committee.  The  lofmer  pointed  out  that,  as  in 
Europe,  'there  were  very  few  mesozoic  emptiTe  Tocks, '  it  was  easy  in  a  map  of 
that  continent  to  divide  igneous  formations  in*  g*enbral  into  two  groups,  ancient  and 
modem,  and  that  each  of  these  mi^ht'  be  again  divided  into  basic  and  acid.  A 
fifth  sub-division  might  be  made  \ov  ri^cent  yoloi^njic  rocks,  but  this  appeared  of 
more  doubtful  necessity.  Professor  Neumayr  {wep^sed  seven  sub-divisions,  gra- 
nites and  diorites,  porphyries  and  mialaph3nrs>  tracpytes  and  basalts,  and  serpen- 
tines. The  directors  of  the  map  accejyted  the  pinA^iple  of  the  Swiss  Committee's 
report,  but  with  the  addition  of  a  special  tint  fcir  ancient  porphyries  (felsite,  &€.)> 
in  order  to  distinguish  them  from  granite  and  its  allies,  and  another  as  proposed 
by  Professor  Neumayr  for  serpentwues. 

Another  proposition  brought  forward  by  -Firofessor  Neumayr  received  general 
assent.  This  was  a  scheme  for  the  prepaa^tien,'  H^d  publication,  under  the  guid- 
ance of  a  Committee  appointed  by  theeoi^gtesis,  61  a  Nomendatar  Pakeontologiciu, 
containing  the  names  of  all  published  species  bt  lossil  animals  and  plants  with 
references. 

The  questions  5,  6,  and  7,  previously .  mentioiied,  were  not  discussed  at  &e 
Ziirich  meeting,  nor  brought  before  the  oongress  at  Berlin,  but  replies  to  some  of 
them  were  sent  in  by  some  of  the  national  committees.  A  few  propositions  were  made 
with  regard  to  the  colours  for  paleeozoic  rocks,  but  they  appear  hitherto  to  have  led 
to  no  result.  The  word|>^a«e  was  proposed  by  the  Swiss  committee  and  adopted  by 
some  others  as  the  equivalent  of  the  term  assise.^  The  employment  of  the  word 
series  instead  of  group  for  the  greater  geological  divisions  (palsBOzoic,  Ac),  and 
of  group  instead  of  series  for  sub-divisions  of  systems,  was  considered  desirable 
by  several  committees  (French,  Swiss,  Spanish,  Portuguese).  One  or  two  however 
were  opposed  to  it,  and  from  many  no  reply  was  received.  It  may  be  remarked 
here  that  the  council  at  Berlin  decided  by  a  large  majority  not  to  reopen  any 
question  on  which  a  decision  had  been  taken  at  Bologna. 

Berlin  Congress, — ^After  tbe  Ziirich  meeting  of  the  IntematioilA;!  Committees 
very  little  was  done  for  two  years.  At  the  Berlin  tdeeting  of  the  Congress  two 
printed  reports  were  presented,  one  on  the  geological  map  of  Europe,  the  other 
on  nomenclature.  * 

>  This  was  virtually  founded  on  the  view  generally  held  in  Germany  that  there  is  a  radical 
petrological  distinction  hetween  ancient  eruptive  rouks  to  which  the  three  first  classes  helong  and 
later  igneous  formations. 

*  It  need  scarcely  he  remarked  that  the  reverse  is  the  case  in  India- 

>  No  good  English  equivalent  has  been  suggested  for  this  term.  The  proposal  to  osa  'beds  * 
in  English  is  not  likely  to  meet  with  general  acceptance. . 
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The  Import  cm  tlf»  giologltfil  mBlp  of  Eii«^pi»  -ma  drawn  up  by  Professor 
Bdnrevtear;  Seereteiy  to  ilve  Oonunitt^  afld  t^)^t«d  maitily  to  details  of  pnbliea- 
tk>ii,  management,  Acl  Tke  «iity  ootibliisiom  of  gexidr^  kftportenoe  rdlatod  to 
eoloaration  and  to.tk9'e]aaBifioatio&  of  to^te.  1%o  following  is  the  olasdfication 
that  af^oMB  to  hava  been  adapted  t^ 

Sedimeniarg  formatuMf, 

Quateraaiy, 

I'llooeae. 

Miooene. 

OUgooeoe 
^SdoeiieL 
j  Ui^per  CvelaoMfiia. 
CLawer         „         (Qmalt  included). 
r  upper  Jarassic. 
<  Viddlt)  Jurassic. 
'  (  L6wel*  JliM8«!6. 
t  tf  Upper  Triaci^ 
J)liddlaXriaaslo.  . 
^Lower  Tmasio. 

Permiaa. 
(Upper  OBrbmuferoas. 
Iliower  it 

iUppir  Deroaiaa. 
^liiddk  DcnraaUa..  ,  . 
ILoiirer  DeFonUa. 
y  Upper  Siluriait. 
}  Lower  Siluriaa. 
'   'CambHan. 

iOrjataUiaeSeliMU. 

Mrmpti^e  formalion$. 

Gcnnite,  Syenite,  &e. 

Porphyry. 

Tmdiyte,  PlMnoUte,  Ae. 

|Ielaphyre»  &Ci 

Serpentine. 

Basalt,  Dolerxte,  Ac 

decent  erupiiom. 

The  colours  €or  palflsosoic  roeka  proposed  by  the  Committee,  and  adopted  by 
the  Congress,  are  grey  for  Carboniferous  afid  brawn  for  Devonian.  For  Silurian  a 
dark  green  was  used  in  the  provisional  scale  of  oolonrs  employed  in  some  preli- 
minary trials,  but  was  fonnd  to  be  too  nearly  similar  to  the  cretaceous  colour 
The  question  of  the  colour  to  be  used  for  Silurian^  including  Cambrian,  was  there- 
fore again  referred  to  the  map  Committee.^ 

1  It  may  bere  be  remarked  that  the  adoption  of  violet  for  Trias  after  having  been  proposed 
for  Silarian  by  eeveral  national  committees,  and  recommended  in  the  printed  ret>ort8  of  the  Inter, 
national  Committee  laid  before  the  Bologna  Congress,  has  apparently  led  to  great  difficult)-  in  the 
selectiou  of  a  suitable  ooloor  for  Silurian. 
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For  the  seven  sub-divisions  of  igneons  rocks  seven  tints  of  red  from  bright 
light-red  t^'4e0p  l)]!H»wRi4b-l^  ,W0Be  ptofnaed.  Tke  bri^iftdr  tints  were  reserred 
for  acid  rocks  and  reeepi/MmptionB^  hs&fusst  iixiti  ;£or  biusic  reeks. 

Some  wn0r'  qu^tiona  of  detail  ware  aJ«>  noticed.  Thna  it  was  proposed  in 
CQiSes  where  the  ajflt^m  i<x  which  a  sock,  belongefi  ia  kiMwii,  but  the  SHb-division  is 
uncertain,  to  uae  the  m^diwi  tint  ol  &a  colour  with  the  initial  letter  of  the  sys- 
tem by  itself.  Wh^  the  ailb^divisions  are  known,  but  the  scale  of  the  map  is 
insufficient  to  represent  them  separately,  the  medium  tint  of  the  colour,  it  was 
suggested,  might  aim  hiB  eitsployedy  but  to  the  initial  letter  should  be  added  the 
smaller  letters  ^  numbers  indicating  the  different  divisions.^  Lastly,  in  case  of 
beds  of  which  the  a^yat^miiaell  is  doubtfdl,  the  colour  of  the  most  probable  period 
might  be  .eicoployedi  with  white  apaces,  and  wr^  the  addition  of  a  mark  of  doubt 
to  the  letter  r^resenting  the  syatem.  These  poobats  were  1^  to  the  decision  of 
the  map  Committee.  . 

It  mu^t  be  remembered  that  the  oanduaioaQa  ace^ed  by  the  Congreas  so  far 
relate  solely  tp  the  inap  of.  Europe.  fVar  instance,  no  opinion  whatever  has  been 
eicpressed  as  to  the  best  dassifioation  of  igneous  roeks.  The  seven  sub-divisions 
are  merefy  a  compromiae  adopted  for  the  map.' 

.  7he  report  of  the  Committee.  &tr  establishing  uniformity  of  nomenclature  was 
drawn  up  by  the  S^retary,  Profioasor  G.  Dewalque.  It  commenced  hy^  recapitu. 
lating  the  decisions  of  the  Bologna  Congress,^  then  called  attention  to  those  para- 
grs^phs  of  the  repoH^  presented  to  that  Congress  on  whioh  no  vote  was  taken.  The 
remainder  of  the  report  laid  before  the  Berlin  Congress  was  occupied  by  proposi- 
tions for  the  names  to  be  applied  to  systems'  and  to  their  principal  sub-divisions  or 
series^  and  for  the  limits  to  b^  drawn,  in  doubtful  casea. 

The  reports  of  the  Oerman,  Belgmm,  Spanish,  Erendi,  Huiigarian,  Porta- 
guese,  Roumanian,  and  Swiss  committees,  were  appended.  The  very  full  reports 
of  the  English  committees  were  printed  in  English  and  distributed  separately. 

So  very  little  of  the  report  was  even  discussed  by  the  Congress,  that  it  is  un- 
necessary to  translate  any  .portion  of  it.  The  pointe  on  which  conclusions  were 
adopted  were  the  following  : — 

J.— After  considerable  discussion,  it  was  agreed  to  class  pre-cambrian  rocks 
as  a  group  and  not  as  a  system,  and  to  use  the  term  Archadan  for  this 
group.  A  triple  division,  as  already  noticed,  was  adopted  for  the 
map,  such  division  to  be  purely  petrological  and  not  to  involve  the 
idea  of  chronological  succession. 
II. — ^The  term  Silurian  or  Siluric  was  adoipted  for  the  combined  Cambrian  and 
Silurian  systems.  The  consideration  of  the  su'k-divisions  to  be  intro- 
duced in  this  system  was  postponed. 

'  For  the  literal  notation,  see  Bee.  Q.  S.  I.  zv,  p.  74,  Bole  7. 

'  It  Las  been  repeatedly  observed  that  it  is  illogical  to  classify  ]gn«ona  fbriMtiona  by  tlitir 
petrological  character,  whilst  In  sedimentary  rocks  the  geological  age  alone  is  regarded  a«  a  basii 
for  classification  and  lithvlogical  composition  ignored.  The  classifici^tion  adopted  for  eniptiire  rocks 
is  not  likely  to  be  generally  accepted,  and  will  certainly  not  be  adopted  by  English  gcologiaU. 

•  R€c.  G.  S.  1.  XV,  VP-  7U.-71. 

*i6id,  p.  70.         . 
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III. — It  was  agreed  to  aoeep4  £he  tens»  Bbenan:,  'E^lhs^fBAA  Tannuenian,  for 

lower,  middl^i  and  ^spfperf  DanmaeMi  serM^'  ^mpo^Av^ely, 
lY.— The  qodstion  irttether  FemnitttiJomA  CarbofbifbrooH  ^hc^qjd'be  united  into 
ox^e  BjBtemi  produced  by  imr  tbe  vbost  debate  in  tbe  Oo:Dgrefi8.  The  re- 
tention of  two  diatxnotBfstBms' was  luiged  by  some  German,  English, 
and  FrenehbgeolbgistBy.bht  opposed  by  eihers ;  whilst  geologists  from 
other  parts  o£  ibe  World  ahnoat  miiTepgailyiadvooated  the  union  of  the 
two.  The  fact  is  that  in  Westehi  !EiIkq]M  the  FBrmian  rocks  are  not 
only  very  distincti  in  lithologioal  cfaanioter^'  but  they  are  in  many 
places  separated  from  the  Carboniferonsby  v^ell-marked  nnconformity-: 
Indeed  in  parte  of  WasttoiBmsopei  «nd  especially 'in  Bng}and,  there 
appears  both  Uthologically.and  storaiig^phically  n^  olos^  connexion 
between  Permian  and  Trias,  the  two  forming  together  tlie'  New  Red 
Sandstone  of  the  earlier  geokigists,  thfeui ^between  Permian  and. Car. 
boniferoi^  On  the  other  hand,  it  was  -pointed  oat  that  tlie  tme  Per- 
inian»  the  Dyas  Of  scmie  geolbg^ists,  zspeouHar  to  Etlro]^e;  that  the 
marine  fanna  (Zechstein)  is  closely  allied  to  Oarbovdferons,  and  has  no 
claim  to  separation,  some  of  the  species  and  nearly  utl  th^  genera  being 
fonnd  in  true  Oarboniferons  beds;  that  beds  representing  the  Permian 
in  other  countries  are  merely  upper  Carboniferous  beds,  ^  and  that  dis- 
tributicms  founded  on  lithology  and  unconf onnity  are  only  of  local  value. 
The  discussion  was  the  more  noteworthy  because,  instead  of  terminating 
by  a  vote,  as  wsa  done  in  similar  cases  in  Bologna,  where  some  of  the 
decisions  were  ojdy  earned  by  very  narrow  majorities,  the  meeting 
accepted  the  snggestibn  of  Professor  Neamayr  and  abstained -from  a 
division.*  It  is  however  probable  that  had  a  vote  been  taken,  a  large 
majority  would  have  been  in  &vour  of  the  union  of  the  Permian  with 
the  Carboniferous, 
y. — It  was  agreed  to  divide  the  Triaasic  system  into  three  series,  but  the 

limits  were  not  defined. 
VI. — The  division  of  the  Jurassic  system  into  three  series  was  unanimously 
adopted.     The  question  as  to  the  limits  to  be  assigned  to. the  different 
series  was  postponed,  and  also  the  determination  as  to  the  affinities  of 
BhsDtic  beds. 
The  remaining  questions  as  to  the  divisions  of  the  cretaceous  system,  the 
classification  of  tertiary  systems,  and  the  whole  subject  of  igneous  rocks,  were 
practically  left  almost  untouched.    No  attempt  at  any  decisi^m  was  made. 

'  I  pointed  oat  in  reference  to  this  qnesticm,  the  singalarly  important  evidence  afforded  by  the 
ttimta  of  the  Salt-range,  where,  as  Dr.  Waugen  has  sbowu,  the  upper  Product usAimeatoue  be«i8, 
although  thej  contain  far  more  Triassic  genem  than  the  Permian  of  Europe,  and  although  they 
yield  dmrnoniisg  and  (^BratUn,  are  intimately  connected  by  identical  species  with  the  middle  and 
lower  Garboniferont  beds  underlying  them.  Judging  by  their  fauna,  these  Salt-range  upper  Pro- 
^aelM-limestone  beds  are  probably  newer  than  the  European  Permian  (Zechstein),  yet  there  is  no 
reason  for  claniiig  them  in  a  system  distinct  from  the  Carboniferous. 

*  I  pointed  out,  Rec.  G.  S.  I.  xy,  p.  66,  the  manifett  objeotiou  to  an  httempt  in  a  congress, 
the  majority  of  members  attending  which  belong  to  one  nation,  to  settle  diffioolt  and  disputed 
qnesttons  by  a  vote. 
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The  committees  for  the  map  and  for  geological  nomeQctetiiiro  were  re-appoist- 
ed.  a  very  few  personal  alterations  being  made,  and  it  waaatranged  thai  meetings 
slionld  be  beld  in  the  eonne  of  the  next  two  years. 

It  was  determined  that  the  next  triennial  congress,  be  held  in  1888  in  Lon- 
don, and,  so  far  as  can  be  determined  beforehand,  between  Angnst  I5lh  and  Sep- 
tember 15th.  A  small  committee  of  English  members  was  nominated  io  carrj  out 
the  necessary  arrangements. 

In  contrasting  the  two  congresses  that  I  hare  attended  the  greatest  difference 
is  that,  in  that  of  Bologna,  there  was  an  endeayonr  made  to  settle  difioalt  qaes- 
tions  by  the  vote  of  a  majoriiy,'  whereas  this  was  no  longer  attempted  at  Berlin, 
t  having  been  recognised  by  all  that  a  congress  is  not  a  body  qualified  to  remoTe 
international  differences  by  voting.  Irrespective  too  of  the  mocli  smiJler  tone 
given  to  discuBaions  on  snch  subjects  as  nomeoelatnre,  there  was  a  great  falling 
off  in  what  mny  fairly  be  termed  geological  hohbies,  sndi  as  the  adoption  of  the 
solar  spectmm  as  a  basis  for  geological  colpnration,  and  a  change,  lor  the  sake  of 
uniformity,  in  the  terminations  of  names  applied  to  systems,  Ac.  There  was  also 
much  less  talk,  perhaps  partly  because  Germans,  though  well  acquainted  with 
French^  are  less  fluent  in  speaking  it  than  Itajians.  On  the  whole  the  tendency 
appears  to  be  to  substitute  action  for  discussion,  as  is  seen  in  committees  for  the  map 
of  Europe  and  for  a  Nomenclator  PalcBontologicut  having  replaced  those  on  map 
colouration  and  rules  of  paleeontological  nomenclature.  The  great  knportance  of 
the  congress  is  clearly  due  to  the  opportunity  which  it  affords  to  the  geologisis  of 
different  countries  to  meet  and  become  acquainted  with  each  other. 


t^ote  on   some  Palieozoio  Fossils  reeently  collected  hy  Dr.  H.  Wabth  in  the  Olive 
group  of  the  Salt-range,  by  W.  Waagusn,  Ph.D.,  F.Q.S.     (With  a  plate.) 

This  title  will  appear  rather  startling  to  those  acquainted  with  the  geology  of 
the  Salt-range ;  but  on  a  closer  examiaatioin  the  fact  indicated  ia  in  reality  not  so 
<itrange  as  it  appears  at  first  sight. 

The  **  Olive  group  '*  is  more  than  any  other  formation  of  the  Salt-range  a 
true  Proteus  in  its  composition  and  general  appearance,  and,  what  is  even  worse, 
t*an  only  with  very  great  difficulty  be  distinguished  from  the  beds  on  which  it 
rests,  though  the  junction  is  always  a  discordant  one.  I  need  only  recall  the 
doubt  that  existed  as  to  the  age  of  the  beds  in  which  Terebr.  flemxngi^  Dav.,  was 
ound.  By  all  previous  writers  these  had  been  united  with  the  underlying 
(laleeozoic  beds,  whilst  in  reality  they  beJonged  tp  the. ''  Olive  group  "  and  w^re 
in  time  about  equivalent  to  the  Deccan  traps  and  the  Oardita  heawnonti  beds, 
iks  distinguished  by  W.  T.  Blanford  in  Sind. 

Just  the  opposite  of  what  befell  Dr.  Fleming  with  r^f(ard  io  the  beds,  contain- 
ing Ter.  flemingif  seems  to  havo  happened  to  Mr.  Wynne,  witk  certain  beds 
which  ha  united  with  his  ''  Olive  gtoup,''  whilst  in  reality  they  belong  to  the 
paloozoio  series  below.  I  have  myself  hitherto  accepted  this  view  of  Mr. 
Wynne's,  because,  there  were  no  obvious  reasons  to  doubt  it.  It  must  be  bom  in 
i^ind  thsit  I  was  sent  to  the  Salt-range,  not  to.  control  Mr.  Wynne's  survey, 
but  to  study  the  succession  of  the  different  faunas  there,  and  I  wisely  abstained 


{pom  meddlia^g  wiiJUIpeds  .wbiph  .  were.,  thenr.  conaidfired  to*  be  unfossilifemus. 
There  waa  indeed  naocqasion  for  this  controlr  as  Mr.  Wynne's  sarrej  has  proved 
in  all  cases  perfectly  correct.  The  mistake  of  havings  united  a  single  nnfossil- 
ifercms  bed  with  the>  overljing  series  of  rocks  instead  of  with  the  underlying  one, 
only  becomes  apparent  after  the  age  of  this  bed  can  be  exactly  determined. 

On  pi^ge  69  of  his  Salt-range  report^  .Mr.  Wyxuie  characterises  the  group  as 
follows:  ''  Olive,  reddish,  andwhitesandstones,  calcareous  beds,  black  shalea  with 
boulders:;  T^rs&ra^ui^  and  bivalves,  ISO  to  350  feet."  This  is,  however,  .only 
a  geneial  oharacteristjc,and  chiefly  taken  fronoi  the  easteim  parts  of  the  Salt-range, 
as  in  the  western  parts  neither  the  Olive  sandstones  nor  the  boulder  beds  have 
beenfou^  within  this  grpup.  It  needs  only  a  look  on  the  sections  on  pages  190, 
194,,  206,  Ac,  of  Mr,  Wynne's  report  .to  become  convinced  of  this.  In  all  these 
western  localities  the  group  is  composed  of  variegated  sandstones,  shales, 
glanconitic  or  pisolitic  beds  and  haematite^  in  which  fossils  are  not  at  all  rare. 
These  fossils  are  very  characteristic,  and  absolutely  identical  with  those  found 
in  the  Cardita  heatrnionti  beds  of  Sind.  The  beds  with  Terehr,  flemingi  belong 
decidcnily  to  this  series.  In  the  eastern  parts  of  the  range  the  section  is  a  quite 
different  one.  A  few  examples  taken  from  Mr.  Wynrie's  report  may  suffice  to 
illustrate  this.  On  pages  .165  and  166  the  following  section  is  drawn  up  from 
the  cliffs  below  Dand6t :  — 


1.  NnsomiiliUe  UmMtone  • :     •         •    |SOO> 

2.  Coal  shalM,  tmcM  tohwestwfttd. 
Tiilns,  rooip  for  160  feet  o£  beds* 

8.  Red  shales tfi 

4.  Ligbt-ootoored  sradstonei-     •  20 

5.  ^wles         ...         *        •        •        .        •        V       •  .20 

6.  Wlittisb  sandiltones       .        .     '   .         .  .        •.        ,        .14 

7.  R«d  clay  or  shale  .        • 3^ 

8.  Greenish  shales 28 

9.  M etamorphic  pelMe  eonglmn^rate l2 

10.  Bed  ibsly  and  flaggy  «nn<  (telt-]iaeiai«nerph  baaid)  •    fiao 

The  beds  Nos.  3  to  9  Mr.  Wynne  considers  as  representing  his^  Olive  <^rottp. 

Here  already  a  12-feet  bed  of  metainorphio  boulders   appears  at  the  base  of 

the  group.     The  Olive  sandstones,  however,  are  not  yet  distinctly  developed. 

Further  to  the  east  a  section  has  been  measured  by  myself  in  the  vicinity  of 

Sadowal.    It  is  printed  on  page  154  of  Mr.  Wynne's  report.    The  section  runs  as 

follows,  leaving  aside  the  details  of  the  beds  above  the  strata  that  are  here  of 

special  interest: — In  this  section  the  beds  from  13  to  15  must  very  probably  be 

taken  as  representative  of  Wynne's  Olive  group ;  it  may,  indeed,  be  said  that  the 

section  is  a  typical  one. 

rMt. 

1 — 12.  Variegated  nndstones  with  coal  seams       .         .        •         •  .88 

18.  Dark  greonUh'gray  shale  and  thin-bedded  sandstone   .         .  30  to  40 
14  lliick  grayish-green  sandstone  with  irregnlarbeds  of  gmvelly 

oougioiiierate  and  bivalves    •                                      .   '      .  15  to  20 

15.  6ou!d«'r  conglomerate       .                   3  to  30 

18.  Dark  purple  shale  with  thih  bands  of  greenish  sandstone      .  .     50 

17.  Bed  thin-hedded  sandstones  and  ffngn  with  sal t-psendoinorphs  .    100 

1  Memoirs,  Geol.  Sur.  IncBa,  vol.  XIT  (1878). 
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The  most  eaaiefly  looaliidds  irhore  the  gronp  has  up.  to  the  ptmeiii  heen 
obseryed  are  in  the  oountry  roimd.  fihagaiLwala.  At  page  138  of  iiie  report 
there  is  a  sectioii  of  the  eoal  locality  theve^  which  shows  the  foUowiag  sab- 
divisiona  in  these  beds  ^^ 


1.  Yellow  fossiliferoufl  nammulitic  limestone  •         .         .         .  • 

t,  Bkck  ihale  ...  

4.  OcMl  tluUe,  ineludhig  8  feet  6  in«hM  coal 

6.  Qreiy.  lunpy  eaodttoo^  .         »         .         ^  •       . 

6.  White  ferrnginous.  sandstone^  coarse  quartz  grains  and  nnctnoni  whito 
clay  matrix,  with  black  shaly  and  carbonaceous  veins  and  strings, 
and  delicate  purple  nnd  green  enrtby  layers  above,  conglomeratic  at 
base        •  ...         


Feet 

11 
8 

14 
8 


21 


AH  these  beds  are  headed  "  Jf  nmmuHtic  **  by  Wynne,  but  the  conglomerates  at 
east  may  represent  the  Olive  series,  as  it  is  stated  on  the  same  page  of  the  report 
that  large  erratic  blocks  indicate  the  presence  of  the  gronp  in  this  neighbourhood. 

In  these  eastern  sections  the  Gardita  heaumonit  beds  are  nowhere  conspicn- 
ons,  and  they  have  not  been  known  to  exist  until  recently  detected  at  several 
places  of  the  eastern  Salt-range  by  Br*' Warth,  who  sent  me  very  numerotu 
fossils^  including  Gardita  heawauynti  and  Oorbula  harpa,  from  the  country  round 
Choya-Saidan-Shah,  &o. 

Thpse  CardUgk  beauTnordi  beds  are  situated  here  between  the  coal  and  the  Olive 
sandstones  of  the  Olive  group,  but  are  so  intimately  connected  with  the  coal  that 
these  latter  very  probably  will  also  haye  to  be  considered  as  belonging  to  the 
same  group. 

From  these  deductions  it  appears  that  whilst  in  the  western  parts  of  the  Salt- 
range  the  Olive  group  includes  nothing  but  the  Ga/rdita  heaumonti  beds,  in  the 
eastern  parts  of  the  range  yet  another  group  of  beds  is  contained  in  it,  of  which 
the  boulder  bed  is  the  most  conspicuous  member ;  and  it  is  to  this  boulder  bed  that 
I  Tvish  to  draw  the  particular  attention  of  the  reader,  as  just  at  the  upper  limit  of 
it  have  been  found  the  fossils  which  are  referred  to  at  the  beginning  of  this  paper. 

The  section  at  a  place  near  Dillour,  where  most  of  the  fossils  have  been 
found,  is,  according  to  a  communication  I  have  received  from  Dr.  Warth, 
ae  follows  :— 


P«et 


Olive  Group 


Nummulitic  limestone. 


Space  concealed ;  at  other  places  here  come  the  coal- 
seams  and  the  beds  with  Catdiia  beaumontL 


Olive  soft  sandstone 


150 


60 


Pseudomorpb  salt-crystal  zone. 


PAirT  1.]         Waao«]s.   PalsttVbiio  \HUilffer*ljedii  ^ /iff  Salt-range.  25 

ThefoasUs oomipin  i. vaf  ikm faed^  jnsisi  ihekyp. of  ih^  boulder,  bed.  'Thej 
aire  oontained  in  browiiish  6andy  conccetiona,  wiueb  ore  gvnes&Ilj  crowded  "witli 
iudividuals^  id  wbiab,  Howetvcsv  not  very  nnmerooB  species  are  to  be.  fannd, 
Thougb  the  bed  has  been  searched  very  diligently  by  Dr.  Warth^  «ad  a  .naiiYe 
was  occupied  for  weeks  to  collect  fossils  in  it,  yet  the  number  of  species  is  not 
greater  than  ten,  some  of  which  have  however  been  found  in  many,  hundreds  of 
specimena.  The  concretions  are  all  of  about  the.  same  siae  and  mostly  of  an 
oval  shape.  All  of  them  are  not  fossiliferous :  Dr.  Warth  found  only  dne  con- 
taining fossils  among  every  twenty  of  them.  But  when  fossils  are  present  they 
are  often  in  great  numbers. 

The  most  common  forms  are  GonularicB,  of  which  hundreds  pf  specimens 
have  been  found.  Next  come  sppcimena  of  Serpulitee,  which  are  however  very 
much  rarer  i  all  the  other  fossils  have  been  found  only  in  sporadic  specimens. 
The  most  abundant  of  all  is  a  Gonularia^  which  can  be  identified  with  all  possible 
certainty. with.ContiJarta  Ic^igatg,^  Morr,,  from  carboniferous  beds  oj^  Australia. 

1.  OoKUL^HU  (jBViOATA,  A(onriS|  PL  I;  fig.  1. 

IMS.  Conularid   t€Bvujaia,  Korns :   in   Strzelecki,   Phys.  descr.  of  New    South   WiileSf 

p.  290,  pi.  XVIII,  fig.  9. 
1877.  GHUklaria  Ittvigatity  (M«nr.)  KotifiMk :  Pois.  PiUifot.  da  Is  Novivdlk  Chillet  d«  £od, 

p.  SIB,  pU  XXiU,ilg.  1. 

This  species  attains  rather  considerable  dimensions,  but  by  far  the  g?*eater 
number  of  specimens  found  in  the  concretions  are  small  young  specimens ;  only 
exceptionally  are  individuals  met  with  so  large  as  the  one  figured  by  me/  or 
even  larger.  The  species  is  somewhat  variable,  as  I  have  tried  to  illustrate  by 
different  figures. 

The  most  striking  characters,  which  always  hold  good,  are — first,  the  rectangu- 
lar,  not  quadratic,  section  of  the  cone,  the  always  smooth  condition  of  the  ribs, ' 
and  the  very  regular  distribution  of  these,  so  that  always  ten  to  twelve  can  be 
counted  within  the  distance  of  10  mm. 

The  variability  of  the  shell  chiefly  consists  in  the  arrangement  of  the  ribs, 
which  are  generally  arranged  in  such  a  manner  that  in  the  middle  of  the  faces  of 
the  pyramid,  where  the  ribs  meet  under  an  obtuse  angle,  they  alternate  with  each 
other ;  sometimes  however  in  one  and  the  same  specimen  they  do  not  alternate 
but  unite  directly  with  each  other,  and  then  form  simply  bent  lines. 

The  species  seems  to  be  most  nearly  related  to  Gonularia  omata,  d'Arch. 
and  Yem.,  from  the  devonian,  and  to  Gonularia  quadrisulcataj  Sow.,  from  the 
carboniferous  period.  From  both  it  is  different  by  its  rectangular  section ; 
from  the  former  also  by  its  smaller  apical  angle,  which  is  only  15^,  whilst 
it  is  20*  in  Gonularia  omata,  and  from  the  latter  by  its  coarser  transverse 
striation. 

There  cannot,  I  think,  be  much  doubt  about  the  detem^ination  of  this  form. 
The  transverse  section,  the  number  of  ribs,  the  apical  angle,  all  are  identical  with 
Gonularia  Uevigata^  and  thus  we  can  safely  unite  the  Salt-range  form  with  the 
Australian  species. 


2>6  Rtt^d9  fif^^ke  (^oIofMl  Smwy  of  India.  [you  Ul. 

2.  CoNULABiA  ttimnrztak,  WOof,  PI.  I,  fig.  3. 

1847.  Conularia  ienuiMiriata^  M'Coy  :  Ann.  ftnd  M^g*.  Nat  Hist.,  Vol.  XX,  p.  807,  pi.  17, 

fl«r.  78. 
1877.  Conularia  tenuiHriata,  (M'Coy)  Koninck :  Fost.  Pnl^z.  de  In  Koar.  Ghdles  da  Sod, 

p.  310.  pi.  XXIII,  ftg.  2. 

This  species  is  much  rarer  than  the  preceding ;  there  is  only  a  single  wf^II- 
preserved  dpeoiman  at  it  among  the  materials  at  hand.  The  characters  of  the 
species  are  however  very  easily  traceable,  and  thus  the  specimen  can  be  deter- 
mined with  perfect  certainty. 

The  shell  must  have  been  extremely  long,  as  the  apical  angle  is  not  mom  than 
10®.  The  transverse  section  of  the  pyramid  is  somewhat  lozenge-shaped,  possess- 
ing, however,  two  broader  and  two  considerably  narrower  faces.  The  latter  are 
rather  deeply  impressed  in  the  middle.  The  four  faces  are  covered  with  a  rather 
fine  transverse  plication.  The  single  folds  are  broken  in  the  middle  of  each  face 
and  there  mostly  alternate.  The  folds  are  smooth  on  the  top  and  very  fine. 
There  are  nineteen  to  twenty  within  the  space  of  10  mm.  In  the  grooves  between 
the  folds  a  vary  B^QQ  obliqaa  stziatioA  is  .obseiiTable..  Thesa  chapacters  will 
suffice  to  recognise  the  species. 

As  has  been  rightly  remarked  by  Mons.  de  Koninck,  the  species  is  most  nearly 
related  to  OantUarta  ^erohteinensia,  d' Arch.  &  Tern.,  from  Rhenish  devonian  beds, 
but  can  be  distinguished  from  that  species  by  the  more  Hcute  apical  angle  and 
the  smooth,  not  granulated,  ribs  that  cover  the  faces  of  the  pyramid.  Oonularia 
tenuistriata  was  originally  described,  like  Conularia  Ltvigata,  from  carboniferous 

beds  of  Australia. 

'■  ...••'  "  ■        •       .  * 

3.  Conularia  cf.  irbeoulabis,  Eon.,  PL  I,  fig.  2. 

1843.  Conularia  irregularU  Koninck :  Descr.  des  anim.  foss.,  p.  498,  pi.  XI^V,  fig.  2. 
1888.  Conularia  irr^Hiularig,  Koniiirk :  Fanne  dn  Calc.  Carb.  de  la  Belgiqae,  Ann.  da 
Mw.  Roy.,  Vol.  Vlli,  p.  822;  pi.  LI?,  fig.  1--8. 

There  is  only  a  single  fragmentary  specimen  which  might  perhaps  be  assigned 
to  the  above  species :  a  quite  safe  determination  of  the  species  is  however  impos- 
sible, on  account  of  the  very  fragmentary  state  of  the  single  i^pecimen. 

Though  on  a.  first  glance  the  specimen  seems  to  bear  a  rather  great  resem- 
blance to  Conularia  laevigata,  Morr.,  one  soon  finds  oh  a  closer  inspection  that  it  is 
different  from  all  the  other  Gonularice  occurring  in  the  concretions  by  granulated 
ribs ;  also  the  apical  angle  is  quite  different,  being  about  25^  between  two  oppo- 
site angles  of  the  cone.  By  these  characters  it  approaches  Gonularia  irreguhria 
utorer  than  any  other  species ;  moreover  as  the  transverse  section  of  the  cone  is 
an  elongated  rhombus,  very  much  resembling  fig.  4  of  the  drawings  in  the  Annales 
du  Musde  Royal. 

The  specimen  is,  however,  rather  small,  and  the  ribs  somewhat  ooaner  than 
as  represented  by  Monft.  de  Koninclt,  though  they  «re  not  disaimilarto  the^  draw- 
ings. fPhese  discrepancies,  however,  prevent  me  frdm  divMtly  aniliiig'  the  ladian 
specimen  yritii' GonuktHa- irregularis.  ' 

The  species  was  originally  described  horn  the  moiintain-limMttm^of 


Again  a  specimen  which  cannot  be  determined  with  safetjr.  The  specimen 
consists  of  an  internal  cast  only,  but  the  enormonslj  broad  slitband,  the  impres- 
sion of  which  can  be  madp  ont,  recalls  strongly  the  same  feature  in  Bacania 
hattaensis,  wherefore  I  have  united  this  cast  with  it. 

It  would  not  be  at  all  astonishing  that  ik  speciee  of  the  lower  Produot^s- 
Hxnestone  should  occur  in  the  concretions. 

5.  NnctTLA,  rp.  vndet.,  P!.  T,  fig.  6. 

It  is  in  general  of  an  oval  shape  with  rather  inflated  valves.  The  figured 
specimen  is  an  exceptionally  small  one. 

It  might  be  compared  to  quite  a  number  of  species,  but  as  the  determination 
of  ibis  form  is  of  no  value  whatever,  I  shall  abstain  from  such  a  comparison. 

There  have  altogether  been  found  three  specimens  of  this  form. 

6.  Atomodisma  (?)  WARtHi,  Waagen,  n.  sp.,  PI.  t,  fig.  7. 

This  species  is  represented  by  some  not  very  well  preserved  specimens^  and  it 
is  rather  doubtful  to  what  geuus  it  should  be  assigned. 

There  is  no  specimen  in  which  the  hinge  could  be  seen,  but  the  general  form 
ifs  not  dissimilar  to  Atpmodesma;  I  may  the^f ore.  assign  the  species  to  that 
genus. 

It  is  chiefly  characterised  by  a  strongly  inflated  apical  region.  The  substance 
of  the  shell  is  rather  thin,  and  therefore  mostly  not  well  preserved.  It  shows 
very  fine  concentric  striation  on  its  outer  surface.  On  the  internal  casts  a  more 
coarse  concentric  plication  appears,  which  is  crossed  by  a  very  fine  and  rather 
indistinct  radial  striation. 

7.  AvicuLOPECTSN  cf.  LiMiiFORMis,  Morrig,  PI.  I,  fig.  8. 

lSi6.    JPwUn  limmformU,  Morris,  in  Strzelecki :  Physical  desor.  of  New  Sooth  Wales, 

p.  277,  PI.  XIII,  fig.  1. 
1877.    Avieulopecten  UmaBformis,  (Morris)  Koninck  :   Fobs.  Paleos.  de  la  Nonrelto  ddllM 

dtt  Sad,  p.  291,  Pi.  XXII,  fig.  4. 

The  only  specimen  that  has  been  found  up  to  the  present  is  fragmentary,  and 
▼ezy  considerably  smaller  than  the  one  figured  by  Morris ;  it  can  nevertheless  be 
compared  in  general  appearance  to  that  species,  as  the  character  of  the  not- 
divided  ribs  is  very  similar. 

4.V.  lima^opnifi  is  Bgfkm  an  Australian  carboniferous  species. 

8.  DisciNA,  sp.  ihdei.f  PI.  I,  fig.  9, 

A  Y»xjMm^  J|i^i^  q{  wb^c^,  l^oweveTr  there  is  lyat.ozie  imperfect  ^peoimen. 

f  mgments  of  bath,  valves. axe. preserved,  Md  the}  slit^like  «j>erture  of  the.lower 
^f«lTe.cfii  l^vell  distu^poishedi.  Botb.vaj^vesarpinithGir  :flaty  The  upper  valve 
seems  to  be  granulated  on  its  outer  surface.  0tb9);wise  both  valves  are  orna- 
mented only  witk  a  fijae.QOJGboePbric  stmijosk    •      .  . 
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As  no  other  chamctera  cam  be  made  cmi,  it  0eem«.sot  Advisable  to  ezpi^gg  any 
opinion  a&  to  thegpecifio  affinity  of  this  gfadi ;  neve^iheleflB  it  m^st  be  i^rnvked 
that  'vre  have  to  deal  hero  with  a  true  Disoina  and  not -with  one  of  the  genesa  thai 
occur  in  the  Neoholus  bed  of  the  Salt-range. 

9.  Sebpulites  wabthi,  Waagen,  n.  sp.,  PI.  I,  figs.  4,  5. 

Next  to  Gonularia  IcBvigata  this  is  t^e  most  cOtixihdii  species  in  the  concretions. 
It  belongs  to  that  group  of  forms  which  bear  no  marginal  thickenings,  and  is 
very  nearly  related  to  a  species  from  the  lower  Productus-limestone  to  which  I 
have  given  the  name  of  Sev-'^wLiU^  indio-us  W« 

From  this  latter  species  the  present  one  is  distinct  by  its  much  smaller  size. 

This  group  of  fortfis,  wilhotJt  marginal  tbictoinitigs,  hab  tttl  Very  recently  not 
been  known  to  occur  above  the  Silurian  period,  but  the  species  ftK>m  the  Piiduo- 
tus^Hn^estone  demonstrates  that  stioh  species  can  docur  also  in  much  more  recent 
strata; 

10.  Sbrpijlites  tcba,  Waagen,  n.  sp. 

Together  with  the  preceding  species  occurs  a  much  smaller  one,  with  an  en- 
larged trumpet-shaped  mouth  ;  I  introduce  for  it  the  above  name.  It  is  much 
more  rare  than  Serpulites  warthi 

To  sum  up,  after  the  description]  of  the  several  forms  we  find  the  fauna  con- 
tained in  the  concretions  to  be  composed  of  the  following  species :— -> 

Bucania  cf,  kait'tensh  W. 
CoHularia  Imvigaia  Morris. 
„     '    tenuisiriaia  M*Coy. 
„         cf,  irregularis  Kon. 
Nucula  sp.  iiidet, 
Atomodesma  (?)  Wfirthi  W, 
Avicttlopeclen  cf,  iima/ormis  Morris. 
Discina  »p.  indet. 
Serpuliies  warthi  W. 
„         tuba  W. 

It  must  be  confessed  that  this  fauna  is  not  very  large ;  nevertheless  it  can 
|)08itively  be  affirmed  that  it  cannot  possibly  be  a  mesozoic  fauna,  but  that  it 
must  be  considered  as  belonging  to  the  palaeozoic  series.  The  occurrence  of 
hundreds  of  specimens  of  Gonularia  give  it  an  entirely  palsBozoic  character. 

The  whole  fauna  is  however  almost  entirely  new  to  the  Salt-range ;  only  the 
Bucania  cf,  kattaensts  W.  has  been  formerly  described  by  me  from  the  lower 
Productus-limestone  of  Elatta.  The  determination  of  this  species  cannot  how- 
ever be  made  with  sufficient  certainty,  as  only  a  single  internal  cast  is  available. 
Quite  different  is  the  case  with  the  OonularioB,  One  of  them  (Con,  Icevigata)  at 
least  has  been  found  in  hundreds  of  specimens,  and  its  determination  is  above 
any  doubt;  the  determination  of  the  other  (Con,  tenuutriata)  is  also  quite  safe. 
Now  these  two  forms  are  identical  with  species  that  were  originally  described 
from  Australia,  from  beds  there  intercalated  with  coal-seams,  and  in  which  at 
the  same  time  numbers  of  ProducHy  'Spirifera  and  other  similar  fossils  occur,  in- 
dicating a  carboniferous  age  for  those  beds.     To  the  same  horizon  point  the 
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Aviculopecten  cf.  limcBformis  Morr.  and  the  Oon.  cf,  irregularis  K.  though  thej 
cannot  be  identified  vlUh  aertasni^.  Tlw  other  fipBoies  (ATtMuta  ap^  ind,  i^d 
DtMcina  «jr.  ittd,)  are  new ;  bnt  thej  ^xhribit. quite  a  paleozoic  oharaofeev^  aa  also  dp 
tho  Serpulit^f  or  ait  leasii  ilihey  do  :not  jcontradiot  thie  pal»o«oic  age  of  tha  whole 
fauna. 

On  the  whole  if  we  con8i<|m  th  safely  or  approximately  determinable  species, 
which  are —        •      ;  .  ^ 

.    Buomua  f*  K^iifmifis  W,  ... 

,,         ienuistriata  M*Coy, 
>»        ^f-  irtegularis  Kon. 

r 

we  see  that  all  of  thetti  point  towafda  a  oarboni^erons  age  of  the  beds  in  which 
thej  ha^e  been  found. 

There  is  however  a  QipenflAsianoe  whieh  imposes  aotmo  caoAion  in:  this  aspect; 
this  is  the  occnrrence  of  the  concretions  on  the  top  of  coarse  boulder-conglomer- 
ates, into  which  they  may  haro  been /transported  from  afar,  haying  previously 
been  washed  out  from  some  other  older  formation. 

When  the  first  concretion  containing  ConularicB  reached  me  from  India,  I  was 
convinced  that  it  was  a  transported  pebble  and  not  in  silu  in  the  bed  m  wliich  it 
had  been  found.  But  after  a  time  Dr.  Warth ,  sent  me  so  many  proofs  in  favour 
of  an  opposite  opinion,  that  at  last  I  came  to  belive  that  these  concretions  were  in 
situ,  and  the  age  of  the  bed  in  which  they  occnn*ed  could  be  judged  from  them. 
These  proo£s  were  the  following : — 

1.  The  concretions  occur  not  irpegularly  throughout  the  whole  boulder-bed, 
but  are  most  distinctly  restricted  to  a  very  thin  layer  just  at  the  top  of  the  bed, 
where  they  occur  rather  plentifully. 

2.  This  thin  horizon  has  a  very  regular  and  constant  horizontal  distribution, 
and  Dr  Warth  was  able  to  state  its  existence  over  more  than  ten  square  miles, 
everywhere  exhibiting  absolutely  the  same  characters. 

3.  The  fauna  contained  in  the  concretions  is  a  very  uniform  one,  and  points 
distinctly  to  a  single  geological  horizon.  If  the  bed  in  which  these  concretions 
are  contained  were  of  cretaceous  age,  and  the  concretions  transported,  a  mixture 
of  the  fauna  with  different  foreign  forms  would  be  the  necessary  result,  and  it 
is  impossible  that  among  the  hundreds  of  fossils  that  have  been  collected  not  a 
single  triassic  or  Jurassic  species  should  occur  or  even  any  silicified  specimen 
from  the  Productus-limestone. 

■ 

From  all  these  reasons  it  results  with  absolute  certainty,  that  the  concretions 
containing  the  above  fossil  are  in  situ,  and  that  the  bed  in  which  they  occur  is  of 
carboniferous  age. 

Thus  we  have  in  the  eastern  parts  of  the  Salt-range  two  constituents  within 
the  Olive  group  of  Wynne,  one  equivalent  in  age  to  the  Oardita  beaumonti 
beds,  of  which  the  Olive  group  is  solely  composed  in  the  western  parts  of  the  range, 
and  another  below  it  containing  a  boulder-conglomerate  which  is  of  carboniferous 
age,  and  restricted  entirely  to  the  eastern  part  of  the  Salt-range* 


^  TiiA^i^tnafasB  Home diiBOtiittsrifi  deeidiKf  yAs^^  b9d^  8}kmh3t  b^  pkoed  in tfad 
tippi&r  pui  and  irhot  in  tiie  Idwer  part  of  the^  divided  group.  Tke  chief  doubt  it 
wHh  t«0gaTd  to  tlie  soft  oii^o^coloured  saudstoneti  idiich  ovoriie  the  bed  wiilL 
OtmukMi^  and  contain  BOMetuBMe  bivalves  of  a  V^U^-Vike  wpp^amnoe.  I  shoiiM 
be  mtber  inclined  to  ooant  theie  with  the  upper  parts  <tnd  to  i^atrioi  tiie  lower 
peH  to  the  bottlder-bed  fbut  I  dMinoi  give  t^itiiUkbta  in  thig  tespec^  and  jnrt 
the  contrary  ntwy  be*  correot;    All  depends  on  lal«re  fliid«  of  loesilB. 

This  is  a  maiteb  of  no  great  importanee. '  Otthe  gmateit  ittportaaoe,  however, 
is  that  we  have  reoognieed  llie  ''  <Mive  group'' '  to  bo  composed  of  two  membgni, 
one  ol  approrimately'  vqpper  cretoceon^  and  another  of  oatboniferons  age, 

'Some  VFords  have  yet  to  be  said  upon  tlie*pett^dg«»Eil  diaraoter  of  the  latter. 
I  have  spoken  of  it  aa  a  bouldei;<x>ngloknerate,  aaid  in  foot  the  gteater  part  of  tliis 
deposit  is  made  np  of  bonldeca,  often  of  qmto'enoftnoue  i^,  true  emtio  bkote, 
which  ate  imbedded  in  a  dairlc-oolonved  shale,  intermited  otten  with  giavelor 
eoarae  eaaid..  i?he  Tooies  of  wliibh  the  bonldets  oonMst^are  all  of  a  "Hrfhui 
iuBJm»i  beantifn)  granites  ^f  difElst^nt  oolonrs;  e  j^nite^,  •different  por{^ jiiee,  gMsai- 
etonee,  qisartfrivook,  isCi  bat  no  roeka  of  a  toftefr  tMfm^  lilteettnddtone,  Ao.  Tkej 
are  mixed  together  in  the  mo8t>.ii*^egaliir  banner,  and  hal^  been  tilk»n  by  -Mr. 
Wynne  ihs  indaoatloda  of  the  Ykhtyity  of  a  sea^bon.  Whto  I  vidited  the  Sslt-rebge 
I  obset^v^^  hbwever,  in  tbese  bonlder^oongldmes^atos  a  great  number  of  siristed 
pebMes,  ^and  reeeivily  th*.  Wkrfli  -haa  also  sent,  a  numbe«'  of  ifeem  to  Soiope;  He 
writes  at  the  same  time  that  they  are  so  oomnlo&'that  he  might  get  any  msaber 
of  them  if  reqniMd.  Sneli  eciotciked  pebblea  aad  bouldm  imbedded  in  a  soft 
shale  a;re  ahrays  indieations  of  the  inftnenoe  of  ioe  e4^onj  and  thus  we  muit 
admit  f6r  theforma&m  ol  these  boalder'conglomeratds  the  collaboration  of  iee 
on  a  grand  scale. 

We  hare  thus  now  fixed  two  characters  for  the  beds  in  wkicb  the  OomcIariVB 
occuTi  first  that  they  are  of  carboniferous  age,  and  aeoond  that  ttiby  have  beea 
formed  under  the  iDfluence  of  ice  action. 

There  remainB  yet  to  look  out  for  the  equivalents  of  this  boulder-oon^omerate 
in  the  western  parts  of  the  Balt^onge,  as  carboniferous  beds  are  well  kiK>wn  to 
exist  there,  and  they  must  be  in  some  relation  to  tiie  oarboniferous  boolder-bedof 
the  eastern  range. 

It  is  a  well  known  fact^  that  on  the  whole  the  Olive  group,  or  perhaps  more 
properly  speaking,  the  Oardita  heavmowti  beds,  rest  unoonformably  on  the  eotiro 
paleDOsoic  and  mesozoic  series  of  the  Salt-range,  but  the  unoonformity  is  such  a 
slight  one  that  in  the  single  sections  it  cannot  be  observed  at  all,  and  can  only  be 
made  out  by  observing-that  in  nearly  every  section  this  Gardita  heaumanH  group 
Teste  on  different  beds. 

If  we  start  from  the  v^est  we  find  at  first  the  Oardita  heaimofdi  group  but  very 
little  developed,  a  few  beds  of  sandstone  and  biematite  is  all  that  can  be  assigned 
to  it.  These  rest  on  jurassio  beds.  Further  east^  for  instance  in  t&e  country 
round  Eatw&fai,  the  group  is  well  developed,  full  of  fossils,  but  rents  on  the 
CeraHte  beds.  At  Nursingpohir  it  rests  already  directly  on  the  compact  Prodno- 
tus-limestoitey  the  OeratUe  beds  having  disappeai^^d,  Irr  the  Nilawia  thecompft^'i 
limestones  hove  also  disappeared,  and  the  Gardiki  heiiBftmotUi  group  rests  now 


4ifaas  the  grdnpeomes.ixilo  0Q9lil»oft>  wiiii'  beds  -wihicii  ai^  tftoie  fmd  isiMft  il9w<  «& 
tile  «em8  aa  wa  pro^aed  f urtti^  iawairda  tba  e«alv  aad  goiiag'  yaii  f  luiber  aaalrwIWNly 
ivre  amdOenlj-find  tibe  i(«r];kmifaroli8  bcmlder*bed«  srHhrC^ 
below  the  CfardtUkh^vimmti^  pcQvtp^  -  Tboaa  boaJdar^bad^rara  atxlmly  aboaHb  ap  td 
isfaia  point  ia  WyaA&V  Otoa^grottp^  bat.baiddaivfodai'irai^&iiotitwtaio  the  iteaiat 
a  lower  horisoa,  in;  di>  altiter/basft  q(^  tiw.apbGkJted*aiaid«tcKiaigvMqK  xHaw;  joat 
ifbQi^ibeba«Uar^i«9<}awilh-<^!4ai^a^^  0f»rditi^bM»mmidih^9At 

ihabaoQQf  Wyojm'f^QikHLgrmj^t^n  iawir  part*  of  ttiai^mfdM-saiodalDaaaagbt 
to  crop  oat  f qom  brlaw^i)^  CHiya  gramfH  aacardiagi^tba  ansaoft^iMnt  f^ai^  .H^o^laiv 
Ijr  nhftarrad  {roa  tha-'wqiitWB  tartaiaatioaof  ^he .  Salt-raofa  ap  to  tita  j^UaArin. 

We  ibaa  baTa-ia.^e  totpbtaata  Jiaokto^tkaapaoUad-aaaiist^  loraat  a^aira- 
jtetit  of  tba  <7atNtfor^'a  b^  ii^'ibajvv^tci^Q  Salt^tei^ 

JMx.  Wyt^leml7ao^tb«ap«akled*((an4abolle^.a^:paBei93>  G^  Ur  i»B(K>rt)  fXbis 
f^foap  (Nqi  6)  iii  a^m  Jfttr  j^s>.^c>mi»^no6aiatitMiQan|p]oBiamtia  in  pbieea^  It  ia 
oooaaioBaUy ao  thr99c^i^tjt(9{(9i^n#iaaj-aiu];.fa<^  wa»t  Wb^t^atb^  ^gisaoiia 

2  and  5  tosa  in  thiolimiifi  g^r!»P^)'iib^mp|^oatoeati»  cbaraotbninoffeaaa^  tha  pasta 
bain^  often  earthy  jb^^:  t)^^  aaak^fadffragmentailalygQibatddani-tifi  ai^ataltiaerjroak ; 
bat  it  ia  vather  ani^i^rtain  rWJrethar^bfese  beda  9^  jwtbelDngito^tha  pocpla^eand- 
atane."  Tbii  finf^Ujr  aa9i;!?80ed.^,doi^t:baa  baw  ao^rad  bgr  tbe  Trana^Indiaa.  qeetiona 
which  have  pinca  baan.-azamina^  by  Mr*  Wja?(e<aad  in  ^idiicb^  thai  pai3>la<^.ad* 
attfne  ia  exposed  belOfW  the  b^deirrbad.        . 

It  had  for  long  baon  a^  pfafwla  ta  ma^  wlbani  I  waain  tbenSalt-iaDgai.  that 
there  ahonld  oOoar  ik^m  ibanld<te-badai.  Irhioh.  eiidanti^.  warer  forated  aader  t^ 
isflnenoa  of  io6-aationi:  at  sa  diffiorant  hyfaJa^*  aa  n  th^apeflkkd^flinditoiia  $f\^  ia 
the  Olive  group,  then  supposed  to  be  entirely  of  cretaceous  age;  Imd  Loea^diiot 
realise  the  idea  that  in  a  aotintry  so  naeff  the  trofzios,  at  diSevantaad  reoutnng 
perioda  anok'a  low  tanparatara  shoald  hafva  bean  pravalent  aa  to  oaaae  the  forma- 
tion of  large  ice-masses. 

That  bouider-bada  formed  nndar  the  infioanoa  of  ice«action  are  not  rare 
in  the  western  Salt-range  ia  a  well^kaown  fnat^.  and  chiefly  in  the*  nmst  western 
paarta  as  well  aa  in  the  Traos*Indna  oontinaatian  of  tha  EsngO' these  Iieda  are  of  a 
remarkable  development.  That  ice  was  really  greatly  concerned  in  tha. formic 
tion  ai  theaa  beds  appears  beyond  doubt,  partly  firom  the  anmorous  striated  and 
acmtched  atones  that  are  fonnd  in  them,  partly  from  the  hnge  erratic  bkcks 
which  are  off  and  on  to  be  met  with.  We  jQnd  these  boulder-beds  mentianed  at 
different  places  of  Mr.  Wynne's  report.  They  are  aasigned  there  pitrtly  to  the 
magnesianii,  partly  to  the  apeckkniUsandatona,  but  aa  the  former  is  barely  at  all 
distinguishable  in  the  western  sections  a  mistake  is  very  easy*  and  it  is  oartaialy 
not  a  great  miataka  to  assign  all  thaee  boulder^beds  to  one  and  the  same  large 
group  of  rocks.  Such  boolder^beds.  are  for  instance. mentioned  at  pe^pea  2I4> 
asid  237  of  <ha  repoit«  As  has  bean  mentioned  above  they  beomae  more  constant 
mad  lass  often  replaeed  by  sandstcaea  farther  to  the  west,  and  aa  wa  i^proach 
the  Indus  the  boulder-beds  are  tha  only  rock  that  intervenes  betwaen.  the  Pit>- 
dnetns-limestone  and  the  purple-sandstone  or  the  saJt-marl.  A  still  more  con. 
apiouoim  darelopmentaf. those  boulder-bsda  ia  presented  m«  tiie  Trana*Indus 
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coniiottatioii  of  the  Sali-TftBge,  and  a  look  into  pRgee  64  and  71  of  Mr.  Wyniie^t 
Traad-Indos  report^  will  giro  a  very  fair  idea  of  thetn^  Mr.  Wyisno  does  not  liow- 
eyer  ezacrtly  place  theee  Tx)ulder«bed8  on  a  level  'witk  any  bed  developed  in  the  Salt- 
range  proper,  bnt  <m  *page  26^  of  the  report  he  oonaiderH  the  Bpeckled-Bandstone  to 
be  absent,  and  with  regard  to  the  bonlder^beds  he  flays :  '*  Similar  beds  on  this 
horizon"  (in  the  Salt^range  proper).  On  the  whole  Mr.  Wynne  seems  not  quite 
averse  to  the  idea  that  all  the  boalder^beds  of  these  mountain  chains  should  at 
least  be  compared  to  each  other  if  they- could  not  be  redaced  to  one  and  the  asme 
group  of  beds.  He  writes  on  page  68  of  his  report :  **  In  the  neighbourhood  of 
Kafirkot-south  the  red  boulder  gx^oup,  with  a  thickness  of  100  to  150  feet,  is 
oooasionally  erposed  close  on  the  bank  of  the  Indus,  appearing  from  benesth 
shattered  and  disturbed  carboniferous  limestone  layers.  Here  the  beds  with 
boulders  are  somewhat  below  the  top  of  the  group ;  they  contain  blocks  up  to 
one  and  a  half  feet  across  of  red  granite,  dark  basalt^  limestone,  white  metamo^ 
phic  limstone,  <iuartsSose  and  other  indurated  rocks,  embedded  in  a  dark  gray  dsf: 
the  assezublage  strongly  recalling  both  the  western  Salt-range  infra-carboniferoos 
beds  and  also  the  much  newer  conglomeratic  clays  of  Ohel-hill  in  the  eastern  part 
of  that  range,  supposed  to  occupy  a  cretaceous  horison," 

fVom  all  that  has  been  said  in  ^e  foregoing  puges  it  appears  that  there 
exists  a  group  of  beds  in  the  Salt-range,  which  is  in  the  eastern  parts  of  the  range 
mostly  composed  of  sandstones,  which  off  and  on  endose  a  bouldeisoonglomerate, 
while  in  the  western  parts  the  boulder-conglomerates  predominate.  This  groap 
follows  always  below  the  Productus-limestone  group  and  rests  either  on  the 
magnesian-sandstone,  or  on  the  ^0060^-beds,  or  on  the  purple-sandstone,  or  at  last 
on  the  8alt«marl.  From  this  it  appears  that  it  is  in  a  more  close  connection 
with  the  overljring  than  with  the  underlying  beds; 

As  regards  the  age  of  this  group  containing  boulder-beds,  it  is  not  difficult 
of  determination.  The  Productus-limestone  has  been  described  in  detail  in  my 
large  work  on  the  fossils  it  contains,  and  it  has  been  shown  there  that  three 
divisions  can  be  distingfuished,  of  which  the  upper  two  have  to  be  placed  on  a 
level  with  the  permian  beds  of  Europe,  whilst  the  lower  one,  containing  FiauUruBf 
with  very  great  probability  must  be  considered  as  representing  the  upper- 
most horizon  of  the  coal  measures.  I^ow  the  speckled-sandstone  which  fellows 
below,  and  which  contains  the  boulder-beds,  is  most  intimately  connected  with 
the  lower  division  of  the  Productus-limestone,  and  must  be  placed  with  it  in 
one  and  the  same  group.  It  thus  cannot  be  lower  in  the  series  than  the  coal- 
measures  of  Europe  and  elsewhere,  whilst  the  magnesian-sandstone  and  the 
Neoholu8-heAa^  which  follow  next  below,  and  form  together  another  group  of 
beds  probably  must  be  considered  as  the  equivalents  of  the  lowei^carboniferous. 

After  this  excursion  on  the  boulder-beds  of  the  Salt-range,  we  have  now  to 
return  to  our  Olive  group,  and  the  boulder-bed  it  contains.  There  follow  three 
things  from  the  preceding  considerations :  1,  the  boulder-beds  of  the  (Mive  group 
appear,  geographically,  just  where  the  last  remnants  of  the  lower  part  of  the 
speckled-sandstone  ought  to  crop  out  from  below  the  Oardita  heawnonti  beds ; 

>  Memoin,  Geol.  Sur.  India,  yd.  XVII,  pt.  2  (1880). 


2,  tiia  boi&Iile^-beda  iim  tba  sp90kl6d«>8att<bto]le^  o?  which  <  bccapj  elsetrhere  its 
batliivlof(ical  poBiiiAb,  aire  in  appearanoe  extrwnelj  similar  to  the  bonlder-bed  of 
the  Olire  soii^ ;  3»  the  boolder-beda  of  the  western  Salt-range  are  probably  of 
■the  ago  ol  the  ooal^measuivs ;  for  the.bouldeivbeds  of  the  Olive  series  have  been 
juroyed  of  carboniferotis  age  by  Dr.  Warth's  disoovery  of  fossils  in  thorn. 

From  tbesa  three  points  it  resolte  with  Beiirly  absolute  oertaini^,  that  the 
bonlder-bed  of  the  OUye  grcmp  is  the  last;  eastern  r^tanant  pf  the  ^)eckied- 
sandstone  group,  and  that  thia  boiUderrbed  alao  mast  be  considered  as  eqiuTalent 
in  time  to  the  coal-measures. 

If  thus  all  tha  bonlder-beda  of  the  Salt-range  belong  to  one  and .  the  same 
groap,  we  have  all  at  once  a  large  glaoial  formation  stretehing  through  the  whole 
Salt-range  daring  the  time  of  the  ooal-measures.  In  speaking  of  a  glacial 
formation,  I  do  not  m^an  that,  real  glaciers  were  concerDed  in  the  formation  of 
these  beds ;  it  was  probably  floatiiKg^  ice  coining  out  of  the  moutha  of  rivers^ 
which  brought  the  boulders  with  it^  and  deposited  them,  along'  tha  sea^shore. 

There  have,  how^yer^  atill  seyeral  difficulties  to  be  overQome>  before  this 
grand  glacial  formation  oam  be  oonsid#i:ad  as  fairly  estaUished* 

The  sandy  strata  contained  in  the  patooaM>io  a^jnfi»  of  the  Saltrran^  are  moat 
ayidently  a  littoral  deposit^  formed  on  a  T^ry  flat^  s}f>wly<-deacending  shpre. 
That  all  these  sandy  beds^  dowi:i.to  tba  u^^r  limit  of  thd  pnrple-aandstone»  are 
not  muqh  different  in  a^e  and  form  more  or  lesa.  one  oontinuous  series^  has  been 
stated  already  in  the  introduoJaon  to  the  Salt^range  Fossils*  aiid  is  again  affirmed 
by  the  discovery  of  carrboniferpas  fossils  in  the  boulder-beds. . 

It  seems  that  along  the  shpres  of  thevancient  sea  the  sandy  aocnmulationg 
were  heaped  up. in  dunf|8,^l^ch, dwindled  down  towards. th^  open  sea  to  oom- 
paratiyely  thin  layers  of  sandstone  and  boulders,  the  lattpr,  supplied  hy  tha 
materiaia  falling  down  from  floating  ice,  occurring  off  and  on  at  different  horizons. 

Thia  supposition  alone  can  account  for  the  great  thickness  these  beds  attain 
towards  the  east^  and  the  n^)id  decrease  they  lu^  subject  to  towards  the  west. 

In  all  the  foregiong  considerations  I  have  not  touched  upon  the  question  of 
the  age  of  the  *^  Pseudomorphic  salt-crystal  zone,"  as  it  has  been  termed  by  Mr. 
Wynne,  and  which  follows  below  the  boulder-bed  in  which  the  palaaozoic  fossils 
have  been  found  by  Dr.  Warth.  That  this  salt-crystal  zone  must  be  palceozoic, 
as  the  beds  that  overlie  it  are  paheo^io,  cannot  be  questioned,  but  also  in  their 
more  special  age  they  will  not  differ  luuch  from  the  rest. 

They  are  composed  of  sandstones  and  blood-red  clays  of  very  variable  thick- 
ness, and  from  the  surface  of  the  sandstone  flags  numerous  pseudomorphs  of  salt 
crystals  stand  out.  This  shows  these  rocks  to  have  been  formed  under  very 
peculiar  conditions.  During  their  formation  great  quantities  of  salt-water  must 
frequently  have  dried  up,  giving  rise  to  the  formation  of  numerous  salt  crystals, 
which  were  afterwards  dissolved  by  the  influx  of  fresh  water,  whilst  the  hollows 
left  by  the  crystals  were  flUed  up  with  sandy  matter.  Such  conditions  could  only 
have  taken  place  in  an  estuary,  in  a  back-water  behind  the  dunes,  and  these  rocks 
must  probably  be  considered  as  a  lenticular  intercalation  on  a  large  scale  between 
the  masses  of  sandstone  of  which  the  lower  half  of  the  palseozoic  rocks  of  the 
Salt-range  is  composed. 
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This  ''  PseudomorpH  salt-crystal  ^one'*'  does  not,  then,  present  msTumoTmUUe 
difficulties  to  a  rational  interpretation ;  and  by  degrees  more  and  more  clearij 
these  three  f^cts  come  to  light :  1,  that  there  is  a  g^np  (and  only  one  gronp) 
of  beds,  which  contains  boulder-conglomerates  thronghont  the  whole  Salt-range; 
2,  that  this  bonlder-gronp  extends  below  the  permian  and  topmost  carboniferonB 
beds  and  is  on  a  level  with  the  coal-measures ;  and  3,  that  this  boulder-gronp  has 
been  formed  under  the  influence  of  ice-action. 

These  three  facts  are  of  the  utmost  importance,  and  a  number  of  farther 
conclusions  may  be  drawn  from  them. 

Boulder-beds  that  were  formed  under  the  influence  of  ice  action,  hav^  long 
since  been  known  to  exist  in  India,  in  the  Talchir  foriiiation,  forming  the  base 
of  the  Oondwana  system.  The  age  of  this  Talchir  formation  has  been  much 
contested ;  and  the  subject  has  bqen  discussed  in  the  most  admirable  manner  in 
several  papers  by  Mr.  W.  T.  filanford.  The  most  probable  conclusion  to  which 
Mr.  Blanford  at  last  arrives  is  to  consider  these  beds  as  of  permian  age ;  while 
most  of  the  previous  writers  had  taken  them  to  be  either  of  lower  triassic,  or  even 
of  Jurassic  age.  All  aathors  were,  however,  quite  agreed  upon  one  point,  that 
these  beds  had  to  be  compared  with  certain  beds  occurring  in  Australia,  in  which 
a  number  of  species  of  plants,  which  had  been  found  in  the  Talchirs  and 
Damudas  of  India,  also  occurred. 

It  was  very  unexpected,  and  so  much  the  more  interesting,  that  among  the 
few  fossils  collected  in  the  boulder-beds  of  the  Salt-range  there  should  again  he 
species  identical  with  Australian  forms  though  they  were  not  plant-remains: 
Oonularia  Icevigata  and  Gon,  tenuistriata. 

In  Australia  the  plant-remains  occur  in  a  series  of  beds  with  coal  seams, 
in  the  lowest  division  of  which  they  are  found,  together  with  the  marine  species 
mentioned  above  as  occurring  in  the  boulder-beds  of  the  Salt-range. 

Thus  we  have  again  arrived  at  three  facts  of  great  importance  :  The  Talchir- 
Eaharbdri  beds  contain  a  flora  identical  with,  or  very  nearly  related  to,  a  flora 
occurring  in  certain  beds  of  Australia  together  with  marine  fossils,  and  at  the 
same  time  they  contain  boulder-beds,  formed  under  the  influence  of  ice  action ; 
2,  the  boulder-group  of  the  Salt-range  contains  some  remains  of  marine  animals 
identical  with  species  occurring  in  Australia,  together  with  the  above-mentioned 
flora ;  3,  the  boulder-gronp  of  the  Salt-range  can  be  determined  as  of  upper  car- 
boniferous age,  from  its  position  below  the  Productus-limestone,  and  chiefly  below 
the  lower  division  of  it  containing  Fiisulince  and  Troductus  semiretieulaiia  Mart 

From  these  facts  the  conclusion  may  be  drawn  that  the  boulder-beds  of 
the  Salt-range,  and  with  them  the  speckled-sandstone  of  Wynne,  are  of  the 
same  geological  age  as  the  Talchirs  of  the  Indian  Peninsula,  as  both  are  related  to 
the  same  beds  in  Australia,  the  one  by  its  plants,  the  other  by  its  marine  remains. 
If  this  be  the  case,  then  also  the  Australian  beds,  which  contain  the  same  fossils 
OS  the  Talchirs  and  the  Salt-range  boulder-group,  cannot  be  more  recent  than 
upper  carboniferous,  or  of  the  age  of  the  upper  coal-measures. 

From  these  two  conclusions  several  others  follow. 

If  we  have  thus  found  the  Talchir- Kaharbdri  beds  to  be  of  the  age  of  the 
coal-measures,  then  the  other  divisions  of  the  Oondwana  system  can  also  approii- 
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niatelj  be  judged.  Tlie  pamxidas  will  then  probably  prove  to  be  bomotaxically 
equivalent  to  the  permian  of  Europe ;  the  Pancbet  and  Rajmabal  to  the  triaa 
(the  Kota-Maleri  bed^  muat  still  remain  somewhat  doubtful) ;  and  the  Jabalpur 
and  Cutch  beds  to  the  Jurassic  in  general.  The  mesozoic  affin  ities  of  the  plants 
contained  in  the  lower  gp*oups  can  no  longer  be  an  obstacle  to  such  an  interpre- 
tation, as  the  geological  position  of  the  equivalent  beds  in  the  Salt-range  is 
too  cl^ar  to  allow  of  anj  other  view  to  be  taken.  Thus  the  opinion,  so  assi- 
duouslj  ent^tained  i^d  defended  by  Mr.  W.  T.  Blanford,  that  the  exact  age  of 
the  beds  could  not  be  judged  with  safety  from  .the  plant-remains  alone,  has 
been  gloriously  confirmed  by  the  &cte  now  brought  forward  from  Dr.  Warth's 
most  important  discovery. 

If  we  turn  now  to  Australia,  a  number  of  other  facts  can  be  ascertained  there 
which  are  not  of  less  interest.  Of  th^  Australian  beds  that  can  be  compared 
to  different  members  of  the  Gondwana  system  of  India,  it  is  chiefly  the  *'  Lower 
Qoal-measures  with  marine  layers  interstratified  *'  which  must  be  placed  bomo- 
taxically on  the  same  level  as  the  Talchir-Kaharbari  beds  of  the  Indian  Peninsula^ 
or  the  boulder-group  of  North-Western  India.  In  these  beds  in  Australia  traces 
of  ice  action  have  not  yet  been  observed.  The  Newcastle  beds  which  follow 
next  above  can  perhaps  not  be  separated  from  the  preceding,  but  the  Hawkes- 
bury  beds  and  Bacchus  Marsh  sandstones  must  certainly  be  placed  on  a  level 
with  the  permians  of  Europe.  It  is  only  on  this  horizon  that  traces  of  ice 
action  have  been  observed  in  Australia ;  and  from  this  it  appears  that  the  glacial 
action  took  place  at  a  later  date  in  Australia  than  in  India.  The  entire  Australian 
series  rests  on  beds  that  are  decidedly  lower  carboniferous,  and  this  is  one  proof 
more  that  the  beds  following  above  are  of  the  age  of  the  coal-measures. 

Another  country  where  equivalents  of  the  Gondwana  system  seem  to  be 
present  is  South  Africa.  It  is  now  long  since  the  different  divisions  of  the 
Karoo  formation,  as  it  is  called  in  Africa,  were  compared  to  the  different 
divisions  of  the  Gondwana  system  and  of  the  coal-measures  of  Australia ;  and  we 
find  again  a  very  clear  and  impartial  exposition  of  the  facts  relating  to  this 
question  in  Mr.  Blanford's  presidential  address  to  the  Geological  section  of  the 
British  Association  for  the  Advancement  of  Science,  at  Montreal.  In  South  Africa 
the  Karoo  formation  rests  partly  on  carboniferous,  partly  on  Devonian,  and 
at  last  also  on  gneissic  rock.  The  lowest  division  of  the  formation  is  the  Ecca 
uproup  which  contains  a  great  boulder  conglomerate,  that  has  unmistakably  been 
formed  under  the  influence  of  ice  action.  These  Ecoa  beds  rest  conformably 
on  lower  carboniferous  beds  containing  coal-plants.  The  overlying  beds  are 
however  said  to  be  unconformable  to  the  Ecca  beds.  There  is  then  evidently  some- 
thing absent  in  South  Africa,  but  it  is  not  possible  to  say  what  extent  the  missing 
strata  may  have  had.  Perhaps  the  permian  is  absent,  and  the  Beaufort  beds 
triasMC,  or  else  only  the  upper  part  of  the  coal-measures  may  be  absent,  and  then 
the  Beaufort  beds  may  be  permian.  As  our  knowledge  now  stands,  it  is  impossible 
to  say  which  of  the  two  interpretations  may  be  the  right  one.  For  us  at  present 
it  is  quite  sufficient  to  state  that,  with  all  possible  probability  the  Ecca  con- 
glomerates can  be  considered  as  the  equivalents  of  the  Talchir  boulder-beds  and  of 
the  Salt-range  boulder-groups,  and  are  thus  of  the  age  of  the  coal-measures. 

ol 
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The  partiajl  identUy  of  the  fossil  plants  found  in  Anstralia,  in  India,  and  in 
South  Africa  haa  lo^g  aince  led  to  the  idea  that  in  former  geological  periods 
a  land  oonnection  xnuat  have  existed  between  those  three  countries,  and  thns 
a  bj-gone  Austro-Indo-African  continent  has  been  constructedi  stretching  through 
the  greater  part  of  the  southern  hemisphere  and  nearlj  equal  in  extent  to  the 
Asiatic  European  contiuent  of  the  present  period.  But  it  Ivas  up  io  the  present 
be^  impossible,  to  indicate  the  exact  time  of  existence  of  this  continent,  as  the 
evidence  drawn  from  tixe  plAnt-remaiU,S|  ,waa  absolutely  in  contradiction  to  the 
one  drawn  from  the  marine  animals. 

Now  after  all  that  has  been  said  in  the  foregoing  pages  it  cannot  be  doohted 
anjlonger  that  the  time  of  existence  of  this  large  southern  continent  dates  at  least 
as  far  back  aa  the  caxboniferoujs  period.  The  northern  shores'of  this  continezit 
stretched  through  India  and  have  been  partly  preserved  in  the  Salt-range,  as  well 
as  in  Afghanistan,  where  the  Talchir  boulder-beds  have  been  stated  to  extend 
over  large-  districts,  resting  on  marine  lower  carboniferous  beds.  This  contiDent 
had  evidently  a  welUdeveloped  river  system,  and  at  the  Salt-range  there  was 
probably  the  mouth  of  a  great  river.  Down  these  rivers  large  masses  of  ice 
floated  w^ile  in  other  paorts  oi  the  unorld  the  coal-measures  were  being  formed ; 
and  these  ice  masses  drifted  along  the  shore  and,  as  they  melted  away,  deposited 
large  boulders^  gravel  and  fine  silt  at  different  places. 

Under  such  circumfltanaes,  apparently,  marine  animals  could  not  well  Hve 
on  this  shore,  and  it  must  be  considered  as  very  fortunate  that  some  such  have 
been  found  by  Dr..  Wartb*  In  Australia  the  case  wae  different.  Ko  ice  was  there 
formed  during  these  times,  and  thus  there  lived  a  rich  marine  &una  there.  As  it 
occurs  in  strata  intercalated  between  plant-beds,  it  is  probably  an  estuariue  fauna. 

Of  this  whole  extensive  continent  there  exist  in  the  present  period  only  small 
fragments.  It  has  been  broken  up  by  degrees  during  triassic  and  Jurassic  times, 
as  has  been  shown  by  me  already  in  a  former  paper  {mpra^  Vol,  X,  p.  98),  The 
rocks  of  which  this  continent  consisted  oan  however  be  well  studied  from  the 
erratic  blocks  which  have  been  brought  by  the  rivers  to  the  shores,  so  that  a 
large  stretch  of  former  land  which  is  now  covered  by  the  depths  of  the  Indian 
ocean  may  entirely  be  reconstmicted. 

The  enormous  development  of  boulder-beds  that  have  been  formed  under  the 
influence  of  ice  action  on  this  ancient  southern  continent  makes  the  supposition 
of  very  low  temperatures  during  those  times  on  that  continent  an  ahsolnte 
necessity.  These  low  temperatures  were  not  of  a  local  occurrence  only,  bat 
spread  over  the  whole  continent,  thus  indicating  a  true  glacial  period, — a  glacial 
period,  however,  that  was  in  the  beginning  restricted  to  the  Southern  Hemisphere 
and  only  later  on  spread  also  to  the  Northern  one. 

In  the  earlier  times  of  the  carboniferous  period  a  rather  high  mean  tei3per- 
ature  must  have  prevailed  on  the  southern  continent,  as  luxuriant  forests  of  car- 
boniferous plants  were  thriving  there,  of  which  the  remains  have  been  preserved  to 
us  in  Australia  as  well  as  in  South  Africa.  All  of  a  sudden  a  considerable  lowering 
of  the  temperature  took  place,  ice  began  to  be  formed  in  South  Africa  and  in  India, 
and  all  the  carboniferous  flora  was  destroyed  in  these  countries  as  well  as  m 
Australia  by  this  low  temperature.    In  the  meantime  in  Australia  a  new  flora 
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began  to  appear, — a  flora  that  was  suited  to  snppori  modente  or  low  tprsperatopesL 
Notwithstanding  tbe  ice  that  covert  part  of  the  soTxthem  continent,  the  5ora 
spread  slowly  westward  from  AostTftlia,  dnrtng  upper  carboniferons  and  permian 
times,  to  reach  Indian  and  Sonth  African  regions.  This  Cora  was  cciapK>sed 
entirely  of  what  we  call  **mesozoic**  trpes,  and  therefore  the  beds  in  which  it 
occnrs  were  generally,  considered  as  mesozoic. 

During  the  time  when  this  went  on  in  the  Southern  Hemisphere,  there  were 
the  coal-measures  deposited  in  the  Northern  one,  and  forests  of  the  greatest 
luxuriance,  composed  of  carboniferous  plants,  were  thriring  tfiere  under  the 
influences  of  a  still  warm  climate. 

This  warm  climate  was  also  not  entirely  withont  effect  on  the  Southern 
Hemisphere.  In  the  beginning  of  the  coal-meastires  period  the  marine  life  along 
the  shores  of  the  southern  continent  was  reiy  poor,  as  has  been  stated  above. 
Later  on,  however,  towai-ds  the  close  of  that  period,  the  marine  animals  were  no 
longer  much  affected  by  the  cold  that  prevailed  on  the  continent.  There  were 
currents  of  warm  water  coming  from  the  east,  bringing  with  them  a  numher  of 
American  carboniferous  animals,  which  settled  in  Chinese  and  Indian  areas. 
(See  Kayser :  Fauna  von  Lo-Ping ;  and  VTaagen :  Salt-range  Fossils.) 

This  state  of  things  continued  for  a  certain  time,  until  in  tiie  permian  period 
again  a  change  took  place.  Now  the  cold  had  spread  to  the  Northern  Hemisphere 
(there  are  traces  of  ice  action  in  this  period  in  England),  and  the  result  was 
the  extinction  of  the  carboniferous  flora  also  in  Europe  and  elsewhere  in  the 
north.  Now  only  was  the  flora  of  the  moderate  climate,  which  we  are  wont  to 
call  a  mesozoic  flora,  in  a  position  to  spread  also  over  Burope,  Ac. ;  and  this  flora 
prevailed  during  the  whole  mesozoic  era. 

In  the  Northern  Hemisphere  there  were  no  currents  of  warm  water  to  come  thus 
from  anywhere,  as  the  Southern  Hemisphere  was  no  longer  so  very  warm,  and  the 
marine  animals  could  not  withstand  the  low  temperatures  to  which  they  were  ex- 
posed, and  the  palaeozoic  fauna  perished  almost  entirely,  only  few  genera  escaping. 

Bat  also  to  the  Southern  Hemisphere  the  intense  cold  returned  during  permian 
times  and  after.  In  Australia  we  have  seen  that  in  the  Hawkesbury  l>eds  and 
Bacchus  March  sandstone,  which  are  probably  of  permian  age,  glacial  boulder. 
beds  occur.  The  flora  could  well  endure  these  low  temperatures  and  did  not 
materially  change  again,  but  the  marine  animals  badly  felt  the  changed  condi- 
tions. Currents  of  cold  water  reached  the  Salt-range  towards  the  end  of  the 
permian  period.  These  came  from  the  north  and  brought  with  them  types  of 
Siberian  Cephalopods,  thus  giving  rise  to  the  formation  of  the  Salt-rango  Coratite 
beds;  but  at  the  same  time  they  extingfuished  the  life  of  the  rich  permian  fauna  of 
thp  Salt-range,  the  last  remnant  of  the  once  so  rich  and  beautiful  palaeozoic  fauna. 

In  this  way  we  come  to  ascertain  two  facts,  which  were  not  expressed  so  clearly 
up  to  the  present.  The  palseozoic  fauna  and  flora  was  that  of  warm  climates.  The 
organisms  composing  these  were  not  able  to  enduit)  great  changes  in  temper. 
ature.  As  then,  towards  the  termination  of  the  palfleoznio  times,  first  in  the 
Southern  and  later  on  in  the  Northern  HemiHphorf*  nho  ihf}  g<*neral  temperatnro 
was  considerably  lowered, — a  circumstance  which  is  proved  lK»yond  doubt  by  the 
frequent  occurrence   of   ice-formed   boulder- Ijedn,   the   whole   fauna  and   flora 
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necessarily  perished.  It  was  afterwards  replaced  by  a  more  bardy  set  of 
organisms,  which  however  only  by  degrees  occupied  the  place  previous^  taken 
up  by  the  palaeozoic  forms.     This  is  chiefly  applicable  to  the  land  organisms. 

We  have  seen  that  the  palaeozoic  flora  was  in  the  Southern  Hemisphere 
already  destroyed  towards  the  middle  of  the  carboniferous  period,  and  was 
replaced  there  by  forms,  such  as  Ooniferm,  Oycadem^  Ferns^  and  EquiietacM^ 
which  have  been  generally  considered  as  typical  of  the  mesozoio  floras.  Tliis 
occurrence  of  these  so-called  mesozoic  types  in  such  ancient  strata  shows  pardj 
that  the  plants  alone,  without  stratigraphical  evidence  and  the  corrohoradTe 
evidence  of  marine  animals,  are  not  well  adapted  for  a  definite  determination  of 
the  geological  age  of  the  beds  in  which  they  occur,  and  this  chiefly  for  the 
reason,  that  the  plants  are  greatly  dependent  upon  the  climate,  and  the  clmiatio 
conditions  of  remote  periods  are  not  sufficiently  known  to  us.  The  case  may  be 
similar  with  land  animals,  but  of  these  we  know  still  far  less  than  of  the  planis 
in  the  more  remote  periods  of  the  earth's  history. 

Another  point  that  is  demonstrated  by  the  occurrence  of  mesozoic  plant  types 
in  the  carboniferous  beds  of  Australia  is,  that  by  this  occurrence  it  is  clearly 
shown  that  the  whole  mesozoic  land-flora  is  of  an  Australian  orig^,  and  spread  to 
Europe  only  in  mesozoic  times,  after  place  had  been  made  for  it  by  the  destruction 
of  the  palsBOzoic  flora  duiing  the  permian  period,  and  after  the  climatic  character 
of  Europe  had  become  favourable  for  it. 

In  concluding  these  remarks  I  wish  to  draw  the  attention  of  the  reader  onoe 
more  to  the  one  cardinal  point,  that  it  is  demonstrated  beyond  doubt  that 
towards  the  end  of  the  palsBOzoic  times  a  great  glacial  period  occurred,  similar  in 
extent  and  more  grave  in  its  effects  than  the  one  that  took  place  at  the  end  of  the 
tertiary  era,  and  tiiat  thus  the  earth  has  passed  already  through  two  severe  periods 
of  cold. 

It  has  been  made  possible  to  ascertain  all  this  by  the  assiduous  investi- 
gations of  my  old  friend  Dr.  H.  Warth,  who  has  thus  made  one  of  the  most 
important  discoveries  that  ever  could  be  made  in  the  Salt-range. 


EXPLANATION  OF  THE  PLATE. 

]^ig.  I.-.-Conularia  IsBvigata,  Morris :  la,  &,  views  from  different  sides,  natural 

size ;  Ic,  transverse  section  of  the  shell ;  li,  e,  different  parts  of  the 

surface,  enlarged. 
Fig.  2. — Conularia  cf .  irregularis,  Koninck :  part  of  the  surface,  enlarged. 
Fig.  3. — Conularia  tenuistriata,  M'Coy :  3a,  lateral  view,  natural  size ;  35,  part 

of  the  surface,  enlarged ;  3c,  transverse  section  of  the  shell. 
Figs.  4,  5. — Serpulites  warthi,  Waskgen,  n.  sp. :  views  from  above  and  from  the 

side,  both  natural  size, 
j'ig^  5, — ^Nucula  sp.  indet. :  6ay  natural  size ;  66,  o,  enlarged. 
]^ig,  y . — ^Atomodesma  (?)  warthi,  Waagen,  n.  sp. :  partial  internal  cast,  natural  size. 
Fig.  8. — Aviculopecten  cf .  limflDformis,  Morris  :  fragment  of  the  shell,  natural  size. 
Fig.  9.— Discina  sp.  indet. :  fragments  of  bodi  valves,  natural  size. 
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Memorandum  on  the  Correlation  of  the  Indian  and  Aastralian  coaUbearing  beds, 
6y  B.  D.  Oldham,  A.R.S.M.,  Deputy  Superintendent  Oeohgical  Survey  of  India, 

In  the  spring  of  1885  I  was  deputed,  in  extension  of  privilege  leave,  to  visit 
and  examine  the  coal-measures  of  New  South  Wales  and  Victoria,  with  a  view  to 
elucidating,  if  possible,  the  vexed  question  of  their  relations  to  our  Indian  coal- 
measures.  Accordingly  I  reached  Melbourne  on  the  11th  August  and  went  on 
to  Sydney,  whence  I  proceeded  to  Newcastle  to  examine  what  I  may  call  a  classical 
section  in  Australian  geology. 

I  had  intended,  besides,  to  examine  in  detail  the  section  in  the  southern  coaL 
fields  and  in  the  Blue  Mountains  as  well  as  the  beds  of  Bacchus  Marsh  in  Victoria ; 
but  a  relapse  of  malarious  fever,  originally  contracted  in  India,  interfered  consi- 
derably with  my  movements,  and  I  was  compelled  to  sail  from  Melbourne  on  the 
2nd  September,  having  only  been  able  to  examine  the  section  west  of  Newcastle 
and  pay  a  flying  visit  to  the  Blue  Mountains.  With  respect  to  the  other  localities 
mentioned  above,  I  had  to  be  content  with  such  information  as  could  be  obtained 
from  published  reports,  and  in  conversation  with  those  who  had  examined  the 
ground.  I  am  consequently  unable  to  give  the  connected  account  of  the  Austra- 
lian coal-bearing  series  I  should  have  wished  to ;  but  as  regards  the  question  of  the 
relative  age  of  our  Indian  coal-measures  and  those  of  New  South  Wales  this  is  of 
little  importance,  seeing  that  the  Australian  geologists  have  not  yet  been  able  to 
connect  the  beds  as  exposed  in  the  different  coal-fields  with  each  other,  and  with 
the  typical  section  west  of  Newcastle  to  which  they  must  all  be  ultimately  re« 
ferred.  Such  observations  as  I  was  able  to  make  will  be  embodied  in  the  foUow- 
ing  note. 

Though  it  has  practically  no  bearing  on  the  question,  it  may  not  be  out  of 
place  to  note  the  resemblance  in  lithological  characters  betweeu  certain  members 
of  the  Australian  carbonaceous  series  and  of  the  Oondwana  series  in  India ;  thus, 
at  Newcastle  may  be  seen  beds  of  coarse-grained  soft  whitish  sandstone  containing 
a  considerable  proportion  of  decomposed  felspar  and  very  like  some  of  the  Barakar 
sandfltones ;  again,  the  boulder  beds  below  the  coal-measures  are  often  identical 
with  the  similar  boulder  beds  of  the  Talchirs  in  everything  but  the  presence  of 
marine  fossils  ;  but  I  attach  no  value  to  these  lithological  resemblances  except  in 
the  latter  case,  and  then  only  in  so  far  as  they  indicate  a  condition  of  deposit 
which,  considering  the  latitudes  they  are  found  in  and  the  nature  of  the  beds  they 
are  intercalated  with,  must  have  been  of  an  exceptional  and  transient  nature. 

The  relative  ages  of  the  Indian  and  Australian  coal-measures  have  long  been 

^^  a  question  of  great  interest  to  geologists,  and  in  spite  of  the 

^*  amount  that  has  been  written  on  the  subject  and  the 

ability  of  the  writers  there  is  probably  no  geological  question  more  involved 

in  doubt  and  difficulty. 

The  points  in  dispute  are  four — 1st,  the  age  of  the  members  of  the  Indian 
coal-bearing  formation,  or  Gondwana  series,  as  compared  with  the  ooal-boaring 
Series  in  Australia,  and  more  especially  of  the  coal-measures  in  either  country ; 
2nd,  the  ages  of  the  members  of  the  Gt)ndwana  series  as  compared  with  the  mem- 
bers of  the  geological  sequence  in  Europe ;  3rd,  those  of  the  Australian  beds 
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caHapa^^  wit>li  tlie  ^amC'saqtieiico ;  kbA  40aifihe  vokAiwi^  ages  of  beds  ezpoaod  io 
different  parts  of  AuofciBiia^^ 

Wbeo  finrt  the  plant  fossils  of  the  coaLmeasures  of  India  (Damadas)  and  of 
Australia  (Newcastle  beds)  beoame  at  all  known,  a  similarity  between  the  two 
floras  was  noticed  wbich  naiiaraliy  led  to  their  being  considered  as  of  contem- 
poianeons  origin*  In  both  Qhtsofiterw  was  ubnndant,  ahd  the  species  O.  hrowniam 
(as  well  as  other  species  then  supposed  to  be  identibsl)  was  found  in  both ;  botib 
contained  a  speoies  of  VertehTaria^  another  of  FhyUptkec^  whiefa.  were  belieTed  to 
be  identica.],  and  are  oertainlj  closely  allied  t0  e^b  bther^  while  the  former  geniu 
was  till  reeenily  nnkown  f voxn  any  other  ioirtmktiQB.  bicii  the  two  vi  question. 

The  cont«mpoxiuieity  of  the  Indian  and  AnstraJian  ooaUmeasnrea  being  teken 
*    r    fl*  f  ^  ^  garanted)  the  seooad  and  thivd  of  the  points  in  di^te 

.  beoaisae  oonneoted  wkh  eaoh  other.  In  Australia  t;vo 
schools  arose, -«onei  headed  by  the  late  Iley<  W«  B.  Clarke  and  those  who  had 
examined  the  beds  in  the  field,  reasoning  from  the  close  ooimection  of  the  New- 
castle Qoal-meaenres  with  beds  containing  a  mi^v^  faona  ch^sely  allied  to  that  of 
the  carbonifercms  beds  of  Enrope,  argued  that  the  Newcastle  beds  were  of  oarbon- 
if eroas  or  at  any  2%Lte  late  palooaoic  age ;  the  other,  headed  by  Professor  McCoj 
and  othen^  who  had  neyer  seen  the  beds  in  9Uu,  reasoned  on  what  they  declared  to 
be  the  charflucteristioally  meso^Kxic  f  aoies  of  the  flora^  aiid  on  this  ground  alone,  not 
satisfied  with  dodaring  that  the.beds  mast  be  of  Jurassic  tkg&,  impugned  the  aocu. 
racy  of  some  of  the  Rev.  W.  B.  Claa^ke's  statements.  In  aooordance  with  this 
dirergence  of  opinion  regarding  the  Australian  beds  there  was  a  corresponding 
dilPerenoe  as  to  the  age  of  onr  Indian  coal-measures  ;  some  of  the  most  prominent 
of  the  Etirope  paknophytologists  looked  upon  them  as  (A  mesozoic  age,  while  the 
members  of  the  Indian  Oeological  Survey  who  had  examined  the  same  beds  in  the 
field  regarded  them  as  of  late  palcBozoic  age  on  the  ground  of  the  resemblaDce  of 
their  flora  to  that  of  the  Australian  ooal-measnxes,  accepting  with  regard  to 
these  last  the  opinion  of  those  who  had  examined  them  in  the  field.  But  as 
regards  the  beds  above  the  ooal-measures,  and  so  intimately  associated  with  them 
that  they  could  not  be  looked  upon  otherwise  than  as  subordinate  members  of 
one  great  series  embracing  the  coal-measures  also,  it  was  acknowledged  in  boA 
countries  and  by  both  parties  that  they  should  be  regarded  as  of  mesozoic  age. 

Such  was  the  state  of  opinion  on  these  questions  when  Dr.  Feistmantel  ex- 
amined the  floras  of  the  sab-divisions  of  the  Gondwana  series  and  not  only  classed 
them  all  as  of  mesozoic  age,  but  even  attempted  tp  correlate  them  to  partionlar 
horizons  of  that  period ;  and  moreover  after  a  detailed  examination  of  the  flora  of 
the  Australian  ooal-measuros  declared  that  it  was  not  nearly  so  closely  related  to 

'  Tb«  Australian  seriot  as  exposed  in  the  districts  between  Sydney  and  Newcastle  and  the 
cotlntry  west  of  that  pUce  is  divided  by  Aostraltan  geologists  as  follows.  The  nomenclatare  of  tlis 
subdiyisinna^  especially  in  the  lower  pHii  of  the  series,  is  not  fixed,  bat  the  terms  giveti  below  will 
be  used  in  this  paper.  For  the  series  as  a  whole  I  shall  use  the  term  Carbouaceotts»  suggested  by 
Fiof.  MeOoy. 

1.  Wiannmatta  shales. 

2.  Hawkesbnr}'  sandstones. 

8.  Newcastle  beds, — or  upper  coal-measoref . 
.  \    '  • '  4.  Upper  marine  beds  with  oarboniferoos  faaoa, 

6.  Stony  Creek  beds, — or  lower  coal-measures. 
6*  Lower  marine  beds  with  carbonifaroos  faaiia. 
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tliBt  of  ibe  Indisn  teclsias  liad.lwen  sttppo^ed,  and  ikabit  conM  oetaseqneittlj  noi 
be  appealed  to  as  proving  the  palseozoic  age  of  tlie  Dankndlew  in  India* 

Bui  in  AostMklia  the  diBpvte  was  not  confined  to  thb  eonolnsion  to  be  drawn 

iikma,  aoknowledged  facts,  bctt,  Strang^  as  it  may  soeio,  the 

^Coofliflt  Hi.  i»  ^^5^'     r&ty  fundamental  fiiets  of  tile  snperposition  of  the  beds 

l\^  w&s  diapnt^d.     At  ihe  base  of  ihA  sandstones  and  shales 

^  'ooiitainitig  seams  of  ooal  and-  known  as  tiie  Newcastle  beds 
there  is  a  great  thiekness  of  beds  from  whiob  a  marine  faana^  eldsely  lelated  to 
that  of  tbe  dBirboniferonS  peirtod  in  ^ropey  bas  been 'obtained.^  These  marine 
beds  are  divii^d  into  en  npper  and  a  lower  sub-division  by  a  band  of  oandstomes 
and  fine  conglomerated  containing  so^e  seams  of  eoal,  and  as  these  beds  yielded 
species  of  Olossdptetis  nnd  other  iittiilar  forms  *  width  were  declared  to  be 
cbaraoteristically  meso'sSoic,  it  iHtS  assthnM  that  the  snperposition  of  these  beds 
by  others  containing  a  palceozoio  ^nna  must  be  only  apparent  and  in  reaHty 
due  to  inversion  or  f an^ng. 

Such  aconclosibn  however  eonid  not  be  allowed  by  any  one  who  had  seen 

the  gtonnd  where  these  beds  are  exposed.  The  section  is 
p  ion  o  ae  n.  foi^nately  easily  accessible  by'  i^e  Great  No^tliem  Railway 
starting  from  Newcastle  and  the  beds  are  well  exposed  in  the  frequent  cuttings. 
There  are  two  exposures  of  these  lower  coal-measures  on  opposite '  sides  of  an 
anticlinal,  one  at  Stony  Greek,  2  miles  west  of  Brenxton,  and  the  oihe!r  at  Greta, 
10  miles  further  west.  At  both  places  the  dip  is  moderate  and  steady,  to  east- 
south-east  at  Stony  Greek,  to  west  north-west  at  Greta;  at  both  places  the 
section  is  practically  eontinuous,  and  the  marine  beds  may  be  traced  dipping 
under  the  ooal  seams  and  a  short  ^'^ay  above  them  again  reappearing.  The  re- 
appearance of  the  seam  on  the  opposite  side  of  the  anticlinal,  and  the  absence  of 
any  duplication  of  the  seam  are  conclusive  against  any  theory  that  the  appearances 
are  due  to  inversion  or  strike  fualts,  while  if  further  proof  were  necessary  it 
would  be  found  in  the  fact  that  both  at  Stony  Greek  and  Greta  shafts  have  been 
sunk  through  the  marine  beds  into  the  coal,  and  at  the  former  place  through  it 
into  more  marine  beds,'  thus  clearly  showing  that  the  coal  measures  are  inter. 
bedded  with  the  marine  beds. 

It  is  unfortunate  for  our  present  purpose  that  none  of  the  sub-divisions  of 

the  Gondwana  series  in  India  can  be  definitely  and  directly 

No  Gondwnna  bonson      correlated  with  any  of  those  of  the  carbonaceous  series  as 

N«w^South  Wfile§  section      exhibited  in  the  Newcastle  section  where  their  relative 

position  is  clear  and  free  from  doubt.     But  in  Victoria 
there  are  some  beds  containing  Gungamopteris,  known  as  the  Bacchus  Marsh 

beds,  which  seem  to  be  the  equivalents  of  the  Talcfairs. 
^'    >*^  tolui  '^^''^"*'     The  flora  of  these  Bacchus  Marsh  beds  is  poor,  consisting, 

so  far  as  is  known,  of  only  three  species  of  Gangamopteris  ; 

1  According  to  D^  Koninck  (qnoted  in  Rev.  W.  B.  Clarke's  ^  Bemarks  on  the  tedimentary 
formations  of  New  South  Wales,"  4th  Edition,  Sydney,  1878,  Appendii  XVI  "  C,"  pp.  144-148)  oot 
of  249  specien  known,  81  are  fonnd  in  the  carboniferons  beds  of  Bnrope. 

For  a  fuller  account  of  the  stratigraphy  of  these  beds,  and  the  history  of  this  dispute,  see 
Bev.  W.  B.  Clarke's  "  Bemarks  on  the  sedimentai^  formation  of  New  Soath  Wale^"  4th  Edition, 
Sydn -y,  1878. 

<  I  am  indebted  to  Mr.  O.  8.  Wilkinson  for  t^is  informa^on. 


inh,  M  De.  Ftfisimaixtei  ihas.  sbown,  of  tlMe  f)lM(»  9^90^  ope  is  identical  vith, 
Pai»ontolo  ical  aaBother.ck)6ely  allied  to,  #peci06  fcwwL  m  the  Talcbir  bedB 

of  Iiidia. 
But  tkeir  pideontologjis  not  .the  only  ooon^etio;!  b^tmoen  the  two,  for^  like 

ih»  l^ilcliirs,  4he  Bacobfia  iMaoati  beds  contain  abundant 
wlcesf^^"'*^     '^■^™'     evidence  of  tite  action  of  flMidng  ice.    AwScmifng  W  the 

lata  Sir  B.  Damiareey  ..tixerB  are  ''  strata,  mainlj  composed 
of  fine  ttitid,  dotted  tbronghont  witb  irarianis  saboed^  g^nei^Hj  axHinded,  pebbly 
e.nd  those  pebbles  mostly  unknown  in  tbe  :Ttdiniiyi  and  doin^.^ot^  ji^t  s^n  jn  place 
so  far  toibe  Geologioal  SocTe(f  hasextended  a  minhtefe»TOii>ftjlaQn  ;'* }  further  on 
he  iMys  that  "  blocks  of  graniiie/'  insomb  instanjoes  ovei^a  ton  i|i  weigbiji  areionnd 
embedded  in  amatiiz  of  soft  mnd;"  *  Mid  in  tba  ]a«ti  pl:f^fm^veff>rt  bj  the  Secre- 
tary for  Mines  in  Vietoria,  Mr.  Mnrxay  states,  on  tbe  wtiborit^yof  tbe  late  Sir 
"R*  Daintree,  that  some  of  these  gramite  boulders  rteembla  w>  granite  that  ocean 
as  a  ix>elc-ina8s  nearai*  than  Queensland.' 

It  is  impossible  to  acooant  for  the  formation  of  sujesh .  be^s  a§  these  except 

by  the  agency  of  floating  ioe  in  b^rge  masses,  and  as  both 
acW^"*  '''     ^^^""^"^    the  Talcbirs  and  the  Bacchus  Mwh  beds  show  that  when 

they  were  deposited  the  climate  was  mo-ch  more  severe 
than  that  now  prevalent,  we  m:iy  take  this  as  indicati»g  that  during  their  deposi- 
tion there  was  a  widespread  glacial  epooh  corresponding  to  that  which  is  known 
to  have  occurred  in  post*tertittry  times*  This  consideration,  w^tever  weight 
might  be  attached  to  it  if  stood  by  itself,  may  cettainly  be  naid  to  ooxroborate  tiie 
fossil  eyidence,  and  we  may  consequently  take  it  as  certain  that  the  Talchir  and 
Bacchus  Marsh  beds  are  the  representatives  of  esich  other .^ 

I  am  not  aware  that  any  attempted  correlation  of  these  beds  with  a  definite 
horizon  in  New  South  Wales  was  published  before  Dr.  Feistmantel  in  1880  gave 
it  as  his  opinion  that  they  were  the  equivalents  of  the  Hawkesbury  sand- 
stones. This  opinion,  so  far  as  I  can  glean  from  his  published  writings,  was 
based  on  the  so-called  lower  mesozoic  facies  of  the  Bacchus  Marsh  flora,  and 
was  supposed  to  be  confirmed  by  Mr.  C.  S.  Wilkinson's  discovery  of  what  he 
Correlated  with  believed  to  be  evidence  of  glacial  action  in  the  Hawkes- 
Hawkesbory  beds  by  Dr.  bury  sandstones.  Mr.  Wilkinson  thus  describes  this  en- 
FeUtmanteU  dence — "  In  the  sections  exposed  in  the  qnanies  at  Fort 

Macquarrie,    Woolloomooloo,   Flagstaff    hill    and  other 
Olaoial       ac^n     In    pjj^gg^   j^ay  be   seen  angular  boulders  of   shale*  of  all 

*  sizes  up  to  20  feet  in  diameter,  embedded  in  the  sandstone 
in  a  most  confused  manner,  some  of  them  standing  on  end  as  regards  their  strati- 
flcation,  and  others  inclined  at  all  angles.  They  contain  the  same  fossil  pkmts 
that  are  found  in  the  beds  of  shale  from  which  they  have  evidently  been  derived. 
These  angular  boulders  occur  nearly  always  immediately  above  the  shale-beds, 

1  Geological  Snrvey.    Keport  on  the  Geology  of  the  District  of  Ballan  by  Richard  Daintxea. 
Melhpnme,  1866,  p.  10. 
•  lind.,  p.  10 
»  Geological  Survey.    Progress  report  by  the  Secretary  for  Mines,  Melbonme,  1881,  p.  80. 

«  See  FeiHmantel,  Rec.  G.  S.  I.  XIII.  257  (1880). 
ft  Which  is  interbedded  with  the  Mudsiones. 
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and  are  mixed -witli  verf  roUnd^  {)dpbbfe8  of  qaopit ;  tiMByttreriMBuidtim^  digfatly 
cnrved  as  thongh  i^ey  hadbe^  bent  #ki}fi  ni  a  semiplastic  condition,  and  the 
sliale-beds  occasionally  terminate  abruptly  as  thoilghi  broken  off .^' ' 

Alihongb  it  is  difficulty  if  Mt  impoBsibto,  to  aoconnl  tfbr  tbifse  tfppwtanoes, 

«xtoept  hf  Hm  actioA  of  iee  in  soMie  form  or  other,  yet  it  is 

itAttr  fiSSlSlfMarth^    Bvidtmk  aksA  ihsy  me  hj  no  moansconparable  with  the 

prodfis  at  glacial  aotiom  athibited  'by  the  Bacchus  Marsh 
beds.  The  angular  foitu  oit  tiie  fragments  of  shale  fikoirs 'that  In.  CKM»em$aii|^r 
or  other  they  mnst  haf<m  b^eirixidiirated  before  distofbanoe,  And  it  is  impostibfe  to 
flccoTmt  for  tids  ibdifrrattei  ttf  ^  wkat  taitet  then  hkr^  been  reoenftly  depesiAed  mud 
except  by  the  &e€teiii|(of  tbe'tntstilitUliWAtear.  Thda  sa^ppesitidt  irottid  aooo^d 
^th  the  geneiftl  txB^t^  of%\L6  ividfinoe;  ivhidh  indioaftiiB  tiie 'action  of  git>iiBd*ioe 
Bnch  as  is  formed  ^t^g  the>ee9W9  wiateis  of  Bcrtiti  Amerioa  ratbeif  tbai»  the 
presence  of  hirge  Tam^<A'  floating  ioe;  and  heBee  does  not  nteessavily  indicufte 
BO  severe  a  climate  as  that  afforded  by  the  Baoekiw  Manh  beds  of  Y  ietoria. 

But  there  are  iiiKiev^ -South  Wales  oongliamfiratto  beds  whieh  are  otriotly 

*  eomparable  ^wiih  those  ol  Bacchus  Marsh ;  these  are  the 

Ol&d^  actioainl^eir    tusiriue  beds  with'  carboniflBr6uB  fauna,  Koff.  4  and  6  of 

beds  of  New  South  Wales.    ^^*  echeme  on'  page  40  (note) ..  I  am  not  aware  of  any  pre- 

vioos  published  nDtiee  of  the '  evidenee  -ef  glaoial  aotton 
they  afford,  but  as  long  ago  as  1861^  tin  Uthological  jesem^blance  between  beds  of 
presumably  the  saptueage  in  tbe -Wdllongong  distriotand  the  boald<^*beda  of  the 
Talchirs  was  noticed  by  the  Mb  Jkri  T.    Oldham,'  aud  when  looking  up  the 

'  Notes  on  the  oocorranqe  of  remavkable  boulders  in  tbe  Hawkesbury  rocks  by  C.  S.  Wilkin- 
flon,  F.L.a.,  O  8.,  QoYt.  Geologist.    Trans.  Roy.  Soc.  N.  S.  W.,  Vol.  XlII,  page  105  (1884). 

*  Mem.  Q.  S.  T.,  Ill,  p.  209  (1868).  As  tbe  volnme  it  out  of  print  and  difficalt  to  proonre,  I 
reprint  the  pastn^e  referred  to,  as  it  is  of  interest  in  tbe  present  jnnctnre. 

Speaking  of  a  eolleation  of  tpfaunena  of  Aoatraliau  rocks  procured  and  sent  by  Sir  William 
I>eniaoI^  be  says,— 

**  And  still  Auther,  many  of  tbe  lower  beds  of  tbe  Australian  group,  tbere  so  abundantly  rich 
in  marine  fossils,  are  very  similar  to  many  of  the  beds  in  tbe  Indian  Tatchir  series.  There  is  tbe 
same  mixture  of  pebbles,  and  Inrge  rolled  masses  in  a  matrix  of  iine  aflt ;  and  much  of  thia  silt  !a  of 
exactly  the  same  peculiar  bluish  green  tint,  so  charaeteristio  of  these  bsda  in  this  eoantrj»  and 
which,  once  seen,  can  never  be  mistaken. 

«*  1  wonldnot  be  misandenstood  as  desiring  to  give  eay  great  weight  to  a  similarity  in  mliieral 
texture  or  litholqgical  aspect,  Ip  attempting  to  ascertain  the  true  position  of  these  rocks.  But  I  am 
satisfied  that  this  identity  has  a  value,  and  by  no  means  a  light  value,  when»  taken  in  connexion 
with  every  other  point  of  evidence  which  is  availuble,  it  is  found  In  nil  oases  tending,  to  taru  the 
balance  in  tbe  same  direction.  And^  basing  my  views  on  these  considerations,  I  ventured  to  hold 
cot  a  prospect  in  anticipation  that  future  researches  would  enable  a  more  accurate  and  detailed 
parallelism  to  be  established  between  the  rocks  in  both  th^se  countries  |}ortions  of  which  were 
now  known  to  be  synehronous,  and  that,  while  in  all  probability  it  would  be  found  that  starting 
from  the  oomuon  datum  line  of  the  ooal'bearing  rocks  in  either  land,  the  sequence  upwards  would 
be  eetablished  fVom  Indian  researches  in  this  country,  apparently  supplying  links  wanting  in 
Australia  j  on  the  other  hand  we  should  be  enabled  to  supplement  the  evidences  of  the  succession 
downwards  (which  is  deficient  in  India)  by  a  reference  to  Austnilian  groups.  As  yet  we  have  not 
been  able  to  trace  the  existence  of  any  marine  deposits  in  this  country  of  the  same  age  as  the 
«  WoUongoog '  sandstones  of  Australia,  but  there  is  nothing  whatever  in  the  few  plants  which 
ocenr  in  our  Talobir  beds  which  would  militate  sgainat  their  being  of  the  same  general  age  (which 
I  am  disposed  to  think  they  are)." 
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Iil9r^tnje  of  this  oontroyeisj  I  wfia  |tinQb,atixic]c  1^  ihe^  paasi^ge.  That  anj  special 
stress  should  have  been  Iftid  on  the.  refiemblance  ^«^s  not  to  be  expected,  for  when 
the  wofds  were  written  the  glacial  origin  of  the  Tarlohir  bo'nlder-bed  had  not  been 
univeisallj  acknowledged ,  iho  Yevy  idea  of  a  glacial  epoch  was  still  strange,  and 
no  one  had  yBt,dreaxB^d  of.  a  pajseozoic  glacial  eppch,  still  less  a^  using  sofih  a 
conoeption  in  tho  correlation  of  distant  deposits.  But  when  I  found  that  in  Mr. 
W.  T.  Blanford's  reply  to  |)r.  FeistmanteP  no  i^otice  was  taken  of  this  resem- 
blance, although  Mrv  H.  F.  Stanford's  suggestion,  that  the  glacial  beds  of  the 
Permian  in  England  and  the  Talchira  in  India  were  contemporaneous  is  quoted, 
I  concluded  that  private  information  of  later  date  had  led  to  a  modification  of 
the  views  eizpresaed  as  to  the  lithological  resemblance  of  the  beds. 

Nevertheless  I  determined  to  pay  special  attention  to  this,  point,  and  was  not 
Rurprised  on  visiting  the  section  west  of  Newcastle,  to  find  that  tha  marine  beds 
showed  abunduot  traces  of  glacial  action.  Blocks  of  slate,  quartzite  and  crys- 
talline rooks,  for  the  most  part  sub-angular,  are  found  scattered  through  a 
matrix  of  fine  sand  or  shale,  and  these  latter  beds  contain  delicate  T*ene9t€lfce  and 
bivalve  eheUa  with  the  valves  still  united,  showing  that,  they  had  lived,  died  and 
been  tranquilly  preserved  where  they  are  now  found,  and  proving,  as  conclusively 
as  the  i^atrix  in  which  they  are  preserved,  that  they  could  never  have  been 
exposed  to  any  current  of  sufficient  force  and  rapidity  to  transport  the  blocks  of 
stone  now  found  lying  side  by  side  with  them.  These  included  fragments  of 
rock  are  of  all  si^ses,  from  a  few  inches  to  several  feet  in  diameter,  the  largest  I 
saw  being  about  4  feet  across  in  every  direction  as  exposed  in  the  cutting,  and  of 
unknown  size  in  the  third  dimension  ;  but  I  was  informed  by  Mr.  Wilkinson  that 
in  these  same  beds  he  has  seen  boulders  of  slate,  Ac,,  whose  dimensions  may  be 
measured  in  yards. 

It  is  impossible  to  account  for  these  features  except  by  the  action  of  ice  float- 
ing in  large  masses,^  and  I  had  the  good  fortune  to  discover,  in  the  Railway 
cutting  near  Branxton,  a  fragment  beautifully  smoothed  and  striated  in  the 
manner  characteristic  of  glacier  action,  besides  at  least  two  others  which  showed 
the  same  feature,  though  obscurely.  This  seems  to  show  that  the  ice  was  of  the 
nature  of  icebergs  broken  off  from  a  glacier  which  descended  to  the  sea-leveL 
Beds  of  similar  structure  and  indicating  a  similar  mode  of  origin  are  also 

found  at  WoUongong,  south  of  Sydney,  and  in  the  Blue 

Glacial    evidence    at      Mountains.     Though  these   have   not   been   traced    into 

Monntuns  •  connection  with  the  marine  beds  west  of  Newcastle,  the 

similarity  of  their  position,  fauna,  and  physical  aspect,  all 
leave  little  room  for  doubt  that  they  are  of  the  same  age. 

In  Queensland  beds  of  similar  aspect  have  been  described  by  Mr.  R.  L.  Jack. 

These  beds — also  of  marine  origin,  and  indicating  the 
•n   m  vioeensan  .  presence   of  ice  floating  in  the  sea  by  which  they  were 

>  Rec.  O.  S.  I ,  XI,  page  148  (1878). 

'  Boughly  speaking,  it  may  be  said  to  take  16  cubic  feet  of  fresh-water  ice  floating  in  sea- 
water  to  float  a  cubic  foot  of  granite,  or  U  eabio  yards  to  float  1  ton.  It  must  be  remembered 
that  many  of  these  fmgments  probably  cameieom  a  distanoe*  and  that  the  ioe  was  melting  all 
(he  while.    Tbese  figures  must  be  reduced  by  two  fifths  if  the  rook  is  supposed  to  be  immersed. 
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deposited  ^—contain  22  species  of  fossils,  so  far  as  the  fauna  is  known,  and  of 
these  1$  are  common  to  tlie  STew  South  Wales  marine  carbonifevoiisbedii, -the 
other  7  not  havinc^  as  yet  been  found  to  the  southwards.  ' 

From  what  has  been  said  it  will  be  seen  that  over  the  greater  part  d  Eastern 
»i«^«u]  !,»>  Australia  beds  are  found  which,  by  their  included  fossils, 
^^^  are  shown  to  be  homotaxially  equivalent,  and  which  agree 

in  indicating  that  during  their  deposition  the  seas  under  which  they  w«re  formed 
bore  on  their  surface  masses  of  floating  ice  such  as  are'  na>r  Only  Seen  in  mueb 
higher  latitudes  than  are  occupied  by  any  part  of  AuEftralia.  It  would  seem^ 
then,  that  towards  the  close  of  the  palaeozoic  era  there  was  a  ^idesp^^ead  glacial 
epocb  whose  efEects  were  felt  over  the  whole  of  wbat  is  iltow  Eastern  AusitaHa, 

and,  if  we  allow  this  form  of  argument  at  all,  it  is '  to  i^is 

^,  ^)"*'^  }^^  ^  Bftcchag  period  that  ^e  must  refer  the  Bacdhus  Marsh  feeds  rather 
Ifamh   beds  shanld    b^      f,       ■  ,     .         i.   .      ^      .      ,  ,  .  „  •  .*     , 

rvfecred.  tban  to  that  of  the  Hawkesbury  sandstdnes  Wnidh  do  not 

indicate  so  severe  a  climate. 

The  palaeontology  unfortunately  does  not  help  us   to  a  definite  conclusion. 

Oangamopteris,  the  only  genus  known  from  the  BaoohuB 

PfclsDontdlogical     e?i-     ^arsh  beds,  has  not  so  far  been  found  either  in  ttio  k>wer 

Q6DOB  _  ^^ 

coal-measures  of  New  Soutb  Wales,  or  in  the  Hk'^kesbury 
sandstoneS;  but  from  the  Newcastle  beds,  intermediate  between  them,  two  species 
of  Oangavfiopteris  have  been  obtained'  of  which  one  is  identical  with,  and  the  oOxer 
allied  to,  Ba<;chus  Marsh  forms. 

The  flora  of  the  lower  coal-measures  comprises  7  species  belonging  to  4  gesiera  ;• 
of  these,  4  b^ng  to  the  genus  Gflossopteris ;  this  latter  is  therefore,  so  fieir  as  the 
fljoia  ia  at  present  known,  the  predominant  genus,  as  is  also  thie  case  in  the  New- 
castle beds ;  further,  one  species,  0,  browniana,  is  also  found  in  the  latter ;  and 
besides  this,  the  genera  Phyllotheca  and  Noggerathiopsis  are  common  to  the  two 
floras,  while  Annularia  is  the  only  genus  which  has  not,  so  far,  been  found  in  the 
Newcastle  beds. 

The  Hawkesbury  beds  have  only  yielded  two  species  of  plants ;  in  both  cases 
the  genus  ia  represented  in  the  Newcastle  flora,  and  in  one  case,  8phenopter%8 
alata  Bgt.,  the  Newcastle  form,  is  only  separated  as  a  variety  by  Dr.  Feist- 
manteL  But  if  we  group  the  Hawkesbury  and  Wianamatta  beds  together,  as 
Dr.  Feistmantel  has  done,  we  have  8  species  belonging  to  7  genera,  of  which  but 
I  species  and  3  genera  are  common  to  the  Newcastle  flora. 

Fzom  the  facts  just  detailed  it  will  be  seen  that  so  far  as  there  is  any  halanoe 

1  Beport  on  the  Bowen3it«r  CbalMd,  by  A.  L.  Jack,  F.  G.  &,  Britbsne,  1879.' 

*  Q.  anffutttfoUa,  McCoy,  «nd  £^•.  ^larkewta,  FMtm^  the  letter  being  represented  by  O. 
ipaUmUia^  MeQoy,  in  Iha  Baochua  M^Tsh  beds, 

•  The  iloxa  of  ,thie  iQwer  coal-measures  aooording  to  Dr.  Peiatmantel  (Tr.  Roy.  8o0l  N.  6.  W., 

XIV,  103)  1880,  is  as  follows  :— 

F%ytlotheca  auitralit  Bgt. 
,  Annularia  australis  Pstm. 

Glostopteris  brotoniana  Bgt. 

„  „  V.  pracurtar  Falan. 

0.  elega%9,  Fsim.,  O.  primcavm,  Fslm.,  Q*  ohrkei,  Fstm. 
Ifdyiferafkiop^  priteaf  Film* 
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at  all,  ihe  JSTewc^stla  &ot&  isinuwp  olos^ly  allied  to,tliat>o{  ifae  lowQjrcoal^aiQasureg 
than  of  the  Hawkesbapy  beds. 

(As  regards  the  stratigraphical  relatione  of  the  bed9i  the  Newcastle  coal-meaaares 

are,  eo  far  as  is  kuow;i^,  perfectly  f onfqrmable  to  the  lower 

den^*'^^^'"^     ^^'     ^^®  '^^^P-     Oq.  tji^  other  ha*id,  thoagh  no  nnoon. 

fonoitj  ,1^  been  jtraeed  between  the  Newcastle  and 
Hawkesbnrj  beds,  jet  if  the  /qoal-pmeasures  in  the  Bine  Mountains  are  the  repre- 
sentatives of  the  foriper, — and  the  balance  of  probaibilit^  is  rerj  nxnch  in  favonr 
of  this  anppositioni^— there  mn^t  bp  an  unoonf qrmitjjr  «ind  overlap  of  the  Hawkes- 
Inurjr  sandstones  on  the  beds  below  them. 

Taming,  to  Vjoto^a^  we  find  that  be^^des  the  iQacchns  Ma;rsh  beds  the  only 
oAher  JToeka  whiob,civn  .he  refcjiri^d,  to  anj  poxitipn  of  the  carbonaceous  series  in 
New  Sonth  Wales,  are  what  are  known  as  the  Tceniopteris  beds  which  are 
shown  biy:tbeir.ipcl<Lded  fossils  to  be.  homotaxial,  iiy^it^  the  Wianan;iatta  beds  or 
those  immediately  abore  them.  Owing  to  t^e  large  surface  covered  by  lava 
flows  i»  Yietoffia^  tke  exact  relation  of  the  Tmniapterls  and  Oan^amojsteris  beds  is 
not  known,  the  two  npt  having  been  found  in.contapt ;  b^t  there  can  be  no  donbt 
.  that  the  latter  are  completely  overlapped  by  the  fori^f rt  w)iiph  ftre  frequently 
lonsid  in.  inunediajte  contact  with  the  silurian  slates.  I  was  further  informed  that 
the  difEerenoe  in  the  degree  of  induration  of  the  two  was  such  as  to  indicate  a  con- 
sidarable  diffeuenoe  of  age»  so  that  it  would  be  itoprobable  that  they  could  belong 
to  two  periods  so  close  to  each  other  as  the  Hawkeo^bti^ry  and  Wianamatta  periods. 

{3eeing,  then^  tiwA  the.p^l^ni^l^gy  ap.d  strati^gi^phj, of  the  beds,  so  far  from 
Contemporaneity  ef  •  opwtjjadiptwg  the  conc?ljusipn  derived  from  the  evidence  of 
Talohir  and  oarbonifer-  glacial  conditions,  are  either  neutral  or  support  it,  we  may 
oufl  marine  beds,  conclude  that  the  carboniferous  marine  beds  of  New  South 

Wales  are  the  most  probable  equivalents  of  the  Bacchns  Marsh  beds  of  Yictoria 
and  henoe  of  the  Talcbir  beds  of  India. 

As  a  corroUaiy  from  the  above  conclusion,  it  would  follow  that  the  Damudas 

iind  Newcastle  beds  are  far  more  nearly  contemporaneous 

di^^n^lSlle^tUb!^'     ****"  ^^-  Fowtmai^tel  will  allow,  and  that  the  Gondwana 

series  as  a  whole  ranges  from  towards  the  latter  end  of 
the  paIiBO«oio  into  the  secondary  era,  representing  in  part  the  interval  between 
those  two  eras  of  European  geology. 

This  was  the  opinion  long  held  by  the  members  of  the  Geological  Survey  of 
Isidiay  and  was  first  seriously  questioned  by  Dr.  Feistmantel,  who  ascribed  all  the 
sub-divisions  of  the  series  to  horizons  in  the  mesozoic  rocks  of  Europe,  and  also 
declared  that  the  affinities  between  the  Damuda  ^nd  Newcastle  floras  were  not 
such  as  to  justify  their  being  regarded  as  homotazial. 

It  will  be  necessary  therefore  to  see  what  these  affinities  are,  and  whether  the 
difference  between  the  two  floras  is  such  as  to  invalidate  the  oonohision  I  have 
formulated  above. 

To  begin  with,  both  floras  are  marked  by  the  predominance  of  the  genus 

P  1    ntolodcal  rela-      OlosBopteriSy  which,  in  the  Newcastle  flora,  comprises  9  out 

tioDB  of    Damuda  and     of  26  species,  or  35  per  cent,  of  the  total  number  of  species, 

^«'^«»*1®  beds.  ^Q^j  19  species  out  of  63,  or  30  per  cent,  of  the  total  number 
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of  species  in  £he  Damu^  flora ;  of  these,  one  species,  0,  broiontdna,  is  identical 
in  both  cases,  and  3  Newcastle  species,  0,  linearis,  O.  ampta  and  0.  pcn-allela^ 
are  represented  by  the  allied  Damnda  species,  O.  angusttfeUa,  O,  e&mmmnia  said 
O.  damndica.  The  genus  Pkyllotheca  is  represented  in  both  floras,  and  the  Austra- 
liiin  form  is  allied  to,  and  was  long  considered  identical  with,  the  P.  indica  of  the 
Damudas.  Vertebraria  is  round  iu  both  series,  and  is  only  known  elsewhere  from 
the  "  Jurassic"  beds  of  Siberia.  Bphenopteris  alata  Bgt.  is  another  species  repre- 
sented in  allied  forms  in  the  Damuda  flora,  and  the  species  Oangamopieris  angus^ 
ttfoliay  McCoy,  is  commoii  to  the  two  floras.  Besides  these  the  genus  Ndgger^ 
athiopns  is  represei^ted  in  both  floras,  so  that  we  have  in  all  6  genera  and 
2  species  common  to  the  two  floras,  besides  5  species  represented  by  allied  fonns. 
On  the  other  hand  there  are  3  genera  out  of  a  total  of  9  not  represented  in  the 
Damuda  flora. 

It  may  be  that  the  resemblances  between  the  two  floras  are  not  suffieient  to 
justify  our  placing  them,  even  approximately,  on  the  same  horisson  ;  yet  it  cannot 
be  said  that  the  differences  are  such  as  to  preclude  the  beds  from  which  they  were 
obtained  from  being  regarded  as,  at  any  rate,  approximately  homotaxial  with  each 
other,  I  avoid  the  word  contemporaneous  for,  though  I  think  thai  probably  it 
might  be  used  in  connection  with  the  Talchirs  and  Bacchus  Marsh  beds,  I  see 
no  possibility  of  arriving  at  any  conclusion  as  to  whether  the  Damudas  and  New- 
castle beds  were  or  were  not  contemporaneous ;  in  all  probability  the  two  periodis 
overlapped  somewhat,  and  the  affinities  between  the  Hawkesbory  and  Wiaaa« 
matta  floras  and  that  of  the  Damudas,  as  well  as  the  internal  evidence  of  that 
flora  itself,  would  indicate  that  the  latter  was  probably  of  somewhat  later  date 
than  the  Newcastle  period. 

In  the  foregoing  pages  I  have  not  alluded,  except  incideutally,  to  the  position 
of  either  the  Australian  or  the  Indian  coal-measures  in  the  Buropean  sequence. 
This  question  is  altogether  too  large  and  complicated  for  me  to  take  up  at  present 
when  debarred  from  access  to  any  scientific  library,  and  has  besides  been  already 
so  well  threshed  out  that  I  could  hardly  gather  any  grain  by  going  over  the 
straw  again.  This  same  cause — want  of  access  to  books'-*4ias  prevented  me  from 
giving  as  full  references  to  previous  literature  as  I  should  have  wished  to  do ;  but 
1  have  endeavored  as  far  as  possible  to  acknowledge  my  indebtedness  to  previooa 
writers,  and  in  conclusion  I  can  but  express  my  obligations  to  all  those  who 
assisted  me  in  my  enquiries  during  my  visit  to  Australia,  and  in' particular  to 
Mr.  C.  S.  Wilkinson,  Government  Geologist  of  New  South  Wales,  and  Mr.B.  F. 
Murray,  Government  Geologist  for  Victoria,  for  the  unreserved  manner  in  whioh 
they  placed  all  their  information  and  experience  at  my  disposal. 

Camp,  Ajitbbb, 
2nd  November  1865. 
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Afghan  and  Persian  Field  notes,  hy  C.  L.  Grirsbach,  F.G.S.,  Deputy  Superin^ 
tendent^  Oeological  Survey  of  Indian  on  duty  with  the  Afghan  Boundary 
Oommission. 

Irdroduction, — Since  writing  my  last  short  report  on  the  geology  of  the  Herat 
province,^  I  have  been  moving  about  the  Herat  valley  and  Eastern  Khorasaan, 
whenever  I  could  obtain  permission  to  do  so  from  Her  Majesty's  Commissioner. 

From  Bala  Murghab,  where  our  Commission  remained  during  the  extreme 
cold  weather  of  last  winter,  we  moved  about  the  middle  of  February  last, 
marching  vid  Kila  Madr  and  Chaman-i-B6d  to  GulrAn.  There  General  Sir 
Pet«r  Lumsden,  G.C  B.,  gave  me  permission  to  examine  some  of  the  ranges  in 
Eastern  Khorassan,  and  accordingly  I  spent  some  time  in  studying  the  rocks  of 
the  Bezd  and  the  Estoi  ranges,  rejoining  the  Commission  at  Tirpdl.  From  there, 
I  made  a  short  trip  to  the  Doshakh  range,  and  afterwards  went  for  some  time 
to  the  hills  north  of  Herat.  Later  on  an  opportunity  occurred  to  visit  the 
Dav^ndar  range  east  of  Herat,  and  the  march  of  the  Commission  to  Thagan 
Bobat  gave  me  an  opportunity  of  revisiting  the  Turmust  range.  In  August  last 
Colonel  Sir  West  Bidgeway,  K.C.S.I.,  gave  me  permission  to  go  agaih  to 
Eastern  Khorassan,  where  I  remained  over  two  months,  extending  my  exclusions 
as  far  west  as  the  turquoise  mines  of  the  Nishapur  district. 

I  have  already  given  a  short  sketch  of  the  geological  structure  of  the  Herat 
province  as  far  as  it  has  oome  under  my  own  observation.  I  have  a  little  to  add 
to  this  and  some  to  modify.  In  publishing  these  notes  now,  it  mast  be  clearly 
understood  that  many  of  the  observations  contained  in  them  may  hereafter  have  ' 
to  be  modified  when  the  material  brought  together  will  have  been  worked  out 
and  compai^d  with  collections  from  other  parts  of  the  world. 

The  following  formations  are  represented  in  the  Herat  valley  and  Khorassan :— 


Recent  and  aerial. 

Alluvial  deposits,  fans,  blown  sand. 

Igiieons  rocks. 

POBT-TBBTIAXT 

"  Loess"  beds,  with  mammalian  bnnes,  of  Bad^bis. 
Bed  and  wbite  clujrs  with  sandstone  and  gjrpsnm 

deposits. 
Conglomerate  and  sandstone  7  rn;..^.i  v^„ 
Plant  .hale.                            jTopollKAi. 

MlOOBNS  . 

Calcareous  sandstone  and  clays,  with  Ostrea  muUi- 

eottaia  Desfa.  in  Badghis  and  Khaf. 
Conglomerate  and  sandstone  of   Firaiman  near 

Hashhad. 

EOOBITB      •           • 

Grey  shaly  limestone  with  Brachiopods. 

Coral  limest<ine  with  nummnlites. 

Grey  shales  and  limestone  with  nummnlites. 

Rhyolites    and    tra- 
chytes. 

1  Bee.  Geol.  Surr.  of  India,  Vol.  XVIII,  Part  I,  page  67. 
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an: 


JUceut  and  aerial, 


Cbst^cbotts 


fi  If     ,.!,<  .iiim  ■  1    ,  t  ^ 


I  .>.i  ■'■< 


.▲llnvlal  depMiti^  Hni,  bhiwii  iandi 


A    t 


^  Coral  limestone  with  Hippnrites. 
tipper'}  Tnoeeramtu  cripsi,  HI  ant.,  zone. 
CIigUi*oi>IooTed  btiflB. 


W)frer  j  Trigonia  lim 


limestone. 


■  'I     i  <■  I.     ,'|.        "  is 


Igneous  itooks. 

■  « <  m  I  i  11  I. 


Basaltic  rpcks. 
S|yenitio  granite. 


£ 


Jorae^e      and 
rhetiQ       .    . 


£     Triaa     nnd  ( 
^       permian.     i 


Bed  gnlfrto«|r;  minne  liibestone  Hvitli  Brscbio- 
pods  J  Paropamians,,  ^stoi  range,  &c. 

Sandstone  with  marine  fossils  and  Oondwana 
plants,  CMsalJiatcfaang  fnss,  ibc,,  &6. 

Mnj;iQe,Umejitone,— KelaA-i-Nadri  section. 

Congtomerates,  Brachiopod  lim^tone,  sandstone, 

'fifr&nt  shales,  thin  leafy  eo»l  and  plant'^remaini. 

KhoU  Biaz  aection,  &o.    Palezkar  beda. 


Melaphyra  and  great 
masses  of  felsite  por* 
phyry. 


Bfelaphyre. 


CAKBOHITS&Otm 


OxJ>BB  PAUBOZOIO 


MasaiTe  dtark  Hmestone  and  sandstone  with  many 
foaaib ;  Dav^ndar  rauge^  &c,,  &c. 


Limestone    and    calcareous  sandstone;    fossils; 
Dehmd  pitss. 


Trap. 


The  hill  ranges  of  the  Herat  province  and  Eastern  Khorassan  are  all  stmctnral- 
Ij  connected,  and  form  long  and  generally  parallel  lines  of  anticlinal  folds,  which 
nearly  all  show  much  the  same  snocession  of  beds.  The  intervening  wide  troughs 
of  the  valleys  are  filled  by  tertiary  and  later  deposits.  By  far  the  largest  share 
in  the  structure  of  these  ranges  belongs  to  the  beds  of  the  plant-bearing  (permo- 
trias  and  Jurassic  formations)  and  to  the  cretaceous  systems.  The  carboniferous 
and  older  pal»ozoic  rocks  I  only  met  in  a  few  sections. 

PalcBozoic  rocks,  carboniferous  and  older  palmozoic  formations, — I  found  rocks 
belonging  to  these  systems  in  the  Dav^udar  and  the  Doshakh  ranges  in  the  Herat 
province,  and  in  the  Bizd  and  Binalut  ranges  of  Khorassan. 

The  most  complete  section  of  palasozoic  rocks  I  have  yet  met  with  in  Khoras- 
san, is  the  one  between  the  villages  of  Dehrdd  and  Oulistdn  on  each  side  of  the 
Dehrdd  pass,  which  crosses  the  Binalut  range  south-west  of  Mashhad.  The 
structure  of  the  range  is  that  of  an  anticlinal  fold,  in  some  places  showing  inver- 
sion and  much  disturbance  of  the  strata  by  crushing.  Igneous  rocks,  too,  obscure 
a  great  deal  the  actual  succession.  The  carboniferous  and  older  rocks  are  seen 
between  the  village  of  Dehrdd  (4,800')  and  the  top  of  the  pass  (8,750')« 

Lower  carboniferous  or  devonian,  Dehrud  pass. — The  oldest  rock  in  situ  appears 
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to  1)6  a  calcareous  sandstone  of  dark  grey  to  purple  oolonr,  Tnth  an  Indinated 
limestone  wliich  contains  some  few  fossils,  amongst  whicb  a  Prodnctns  and  Orthis 
(?)  seem  the  commonest  forms.  The  beds  dip  to  the  north  about  35°  to  40^,  and 
are  conformably  overlaid  by  Productus*limestone  of  the  carboniferous  system  both 
on  the  north  and  south  side  of  the  pass,  and  the  latter  by  hardened  greenish-grey 
shales  and  interstratified  trap  (melaphyre), 

Binalut  range, — I  crossed  afterwards  the  Binalut  range  further  to  the  north- 
west,  from  Maddn  to  Ghinaran,  but  the  route  proved  more  or  less  useless  to  me, 
as  it  winds  in  and  out  of  a  wide  depression  in  the  range,  along  which  nothing 
older  than  cretaceous  rocks  are  exposed, 

Yaktdn  ran^e.— In  a  line  south-east  of  the  Binalut  range  is  a  lofty  chain  of 
hills,  which  on  our  old  maps  is  named  the  Yaktdn  range,  a  name  which  seems 
unknown  in  that  part  of  Persia.  The  high  peak  at  the  south-east  termination  of 
the  chain  is  called  the  Bezd  hill.  When  I  visited  it  in  March,  I  crossed  it  twice, 
but  it  was  still  thickly  covered  with  snow,  and  consequently  I  had  to  keep  near 
the  lower  slopes  and  the  passes,  where  little  of  the  rocks  in  situ  is  found.  I  was 
however  able  to  make  out  the  structure  of  the  range,  which  is  similar  to  the  Bina- 
lut range,  inasmuch  as  it  is  formed  of  a  high  anticlinal  fold  of  carboniferous  rockB, 
flanked  by  the  permo-triassic  plant-bearing  series.  The  carboniferous  rocks  con- 
sist of  solid  grey  (mostly  very  dark)  limestones  in  beds  of  one  to  two  feet  thick 
containing  many  characteristic  carboniferous  fossils,  corals  and  Brachiopods. 
Iron  pyrites  and  smaU  nests  of  antimony  are  found  in  many  places  in  the  range ; 
the  latter  is  extracted  near  Rawand  and  used  by  the  natives.  The  plant-bearing 
series,  consisting  of  green  and  grey  shales  with  sandstone  and  conglomerate,  ap- 
pears to  rest  quite  conformable  on  the  older  rocks. 

JDoshaJch  range. — Continuing  the  strike  of  the  Yaktdn  range,  one  reaches  the 
Doshakh  peak,  on  whose  north  flank  I  found  again  carboniferous  rocks.    The 
Doshakh  range  assumes  a  more  west-east  to  north-east  strike,  and  is  in  a. line 
with  the  Bavdndar  range  east  of  Herat.    The  north  flank  of  both  ranges  consist 
of  oarbonif  eroue  rocks  overlaid  by  the  plant-bearing  series,  and  the  whole  appears 
to  have  formed  an  anticlinal  fold,  the  southern  half  of  which  has  subsided  along  a 
line  of  fault,  which  has  now  brought  cretaceous  limestones  in  close  and  abrupt 
contact  with  the  palsBozoio  rocks.     This  feature  is  well  seen  at  ihe  north  foot  of 
the  Doshakh  peak  itself  and  in  the  hills  north  of  Pahri,  where  hippnritic  lime- 
stone is  faulted  against  carboniferous  limestone  with  Producti,  Ac,     It  will  thus 
be  seen  that  the  structure  of  these  four  ranges  is  precisely  the  same,  and  that 
they  must  therefore  be  considered  as  belonging  to  the  same  system.  The  Doshakh, 
Yaktiin  and  Binalut  ranges  form  part  of  the  great  Central  Asian  watershed,  and 
it  would  have  been  of  the  highest  importance  to  follow  up  the  continuation  of  this 
line  to  the  east  into  the  ranges  which  form  the  upper  Hari  Rud  valley;  it  is  a 
matter  of  regret  to  me  that  I  was  not  allowed  to  avail  myself  of  the  opportanitj 
offered  by  the  presence  in  this  part  of  the  world  of  a  mission  composed  of  British 
officers,  to  carry  out  my  researches  to  a  legitimate  end. 

The  minor  ridges  on  the  north  side  of  the  Do^akh  range,  including  the 
Robat-i-Pai  peak,  are  composed  mainly  of  a  great  thickness  of  carboniferous  beds 
which  have  an  average  dip  to  the  north-west. 
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I  aadended  tixe  sireatai  which  flows  frdm  the  fool  of  the  Doshakh  peak  moi^ 
or  less  in  a  nor tih- westerly  direction  and  which  irrigates  a  considerable  extent  of 
land  near  the  vilkige  of  Eashmiard.    I  found  ih  descending  order  :— 

4b  Near  Eashmarti  hard  reddish-grey  sandstone,  soknewhot  resembling  the 
Ghnnor  (Yisdhyan)  Bandstones ;  regular  flaggy  beds,  weathering  dark-pnrple  aD[d 
Uaok,  and  theh  res^nbling  igneous  rock,  from  a  disfcaAicOb    Dip  iff*  north-west. 

3.  Grey  ^lintery  and  hard  shales  with  fermginons  partis^s  ^uid  irregular  beds 
of  bard  dark  limestone.  No  fossils.  Several  hundred  feet  thicknesS)  weathers 
greenish-grey  with  brown  ferruginoTis  spots.    Jointed ;  dip  50^  north-west. 

2.  Impure  earthy  limestoue  of  dark  colour,  overlaid  by  hard  grey  calcardoad 
sandstone  in  thick  beds.  Dip  70^  n<Mi}h-west.  The  limestone  coatuBS  many 
fossil^  mostly  Brachiopods,  Athyris  roitsyij  Produetvu  sp.  Ac\ 

1.  Near  the  Doshakh  aiaratb  Black  or  dark-grey  very  friable  sh^os,  alter- 
nating  with  ferruginous  impure  limestone  breaking  ihto  jointed  fragments ;  the 
limestonid  weathet«  a  brown  rusty  colour.  A  few  Brachiopod  liemains,  badly  pre- 
serred.    Dip  60®  north«.we8t-by-north. 

The  beds  of  this  series  are  here,  near  the  foot  of  the  Doshakh  peak,  faulted 
against  i^e-  upper  cretaceous  limestone,  which  composes  the  peak  itself. 

Along  the  line  of  fault,  which  is  nearly  from  east  to  west,  the  ^injatak  valley 
and  pass  has  been  scooped  out  by  denudation.  Some  igneous  rocks  (melaphyres) 
have  protnided  along  the  faulty  and  have  greatly  obscured  the  actual  contact  of 
tiie  pal^dozoic  with  the  cretaceous  series. 

OhUlinfkhak  pcbss.-^the  pass  over  which  the  road  from  Pahre  to  Zindijah 
leads,  and  which  seems  known  as  the  Chillingkhak,  exposes  a  siniilar  section  to 
the  above.  A  lew  mites  north  of  Pt^re  the  cretaceous  series  abruptly  ends, 
and  th^  fault  already  noticed  at  the  Doshakh  brings  the  carboniferous  rocks  ih 
close  contact  with  the  hippuHtic  limestone  of  the  Pahre  hills.  The  carboni- 
ferous system  consists  here  of  a  great  thickness  (probably  2,000  feet)  of  haid 
daric-grey  limestones^  sandstones  and  splintery  calcareous  shales  with  many 
tftaces  of  Producti,  Fenfestella,  A».  The  beds  dip  to  tbe  north,  at  30^  to  40% 
below  the  recent  fan  deposits  of  the  Hari  Bud  valley. 

Bohat^uPaif  in  the  Doshakh  range. — A  ravine  runs  in  a  northerly  dii^ctioh 
through  the  spurs  which  jut  out  frotn  the  group  of  high  peaks  known  as  the 
Bobat-i-Pai.     At  the  head  of  the  ravine  is  the  ancient  and  celebrated  shrine 
of  the  "Sacred  feet."     I  may  here  mention  that  the  depressions  on  the  waterworn 
sides  of  the  ravine^  which  (with  a  little  artificud  help  perhaps)  resemble  somewhat 
the  shape  of  gigantic  human  foot-marks,  are  nothing  else  but  water- worn  hollows 
in  the  rock,  of  the  same  nature  as  are  the  well-known  pot-holes.     Some  years  ago 
a  deadly  strife  originated  when  some  devotees  of  Mashhad  nearly  succeeded 
in  carrying  off  these  sacred  marks.     Several  had  already  been  removed  by  care- 
fully under-outting  and  chipping  off  of  the  block  on  which  the  marks  existed, 
when  the  perpetrators  of  the  deed  were  caught  in  the  act,— and  of  course  met 
their  reward.     The  entire  mass  of  the  Bobat-i-Pai  peaks  consists  of  thick  even 
beds  of  hard  dark-blue  limestone  with  calcspar  veins,  with  some  hard  grey  sand- 
stone, both  of  which  contain  many  carboniferous  fossils.     I  recognised  amongst 
them  Producttu  aemireticulahu,  Athyris  roissyi^  Fenestella,  and  other  carboniferous 
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fossils.  The  beds  dip  50°  to  75^  noiih,  below  the  recent  deposits  of  the  Hari  Bud 
valley. 

DavSndar  range. — The  Dav^ndar  range  consists  of  the  main  ridge,  rising 
to  oyer  11,000  feet  in  heigbt  in  one  or  two  peaks,  with  enter  parallel  ndges, 
the  whole  forming  an  anticlinal  arch,  the  lowest  beds  of  which  are  found  not 
in  the  main  range  but  in  the  anziliary  range  north  of  the  Dav^ndar,  mnning 
parallel  with  the  latter,  and  in  which  the  Sang-i-Ajal  and  Elholi  Biaz  are  sitnated. 

I  crossed  this  enter  range  between  Jadzd  and  Naorozabad  near  the  Kholi 
Biaz  hill,  and  found  the  latter  to  consist  of  carboniferons  strata,  represented 
hj  hard,  dark,  splintery  limestone,  containing  many  Prodncti,  Fenestellie,  Crinoids, 
&c.,  chartu^teristic  of  the  carboniferoas  limestone  of  the  Himalaya.  Not  mnch 
of  these  beds  is  exposed ;  both  flanks  of  the  ElhoU  Biaz,  with  the  Dav^ndar 
range  to  the  south  of  it,  consisting  of  younger  strata,  belonging  to  the  plant- 
bearing  series  (permo-trias)  which  I  shall  describe  below. 

Igneous  rocks  of  the  older  paloeozoic.-^-lgneo\xE  rocks  are  found  in  the  neigh- 
bonrhood  of  all  the  carboniferous  localities  which  I  described,  bnt  they  belong 
most  probably  to  the  upper  jarassic  epoch,  during  which  enormous  outx)onring8 
of  melaphyre  took  place.  Only  in  the  carboniferous  series  of  the  Dehrad  pass 
of  the  Binalut  range  have  I  f onnd  trap  apparently  interstratified  with  Prodnctos- 
limestone. 

The  permO'trias  and  jttrdssic  /ortwa^torw.— Towards  the  close  of  the  carboni- 
ferous period  a  change  of  physical  conditions  seems  to  have  occnrred  in  the  entire 
Central  Asian  area.  The  beds  which  rest  in  all  the  sections  of  the  Herat  province 
and  Khorassan  npon  the  upper  carboniferons  rocks,  consist  of  deposits  such  as  are 
formed  near  a  coast  line  and  near  the  estuaries  of  great  rivers,  namely  conglo- 
merates, sandstones  and  shales,  which  not  only  contain  marine  fossils  bnt  also 
plant-remains.  In  several  sections  which  I  examined  I  found  great  thicknesses  of 
plant-bearing  sandstones,  probably  deposited  near  or  in  the  estuaries  of  rivers, 
alternating  with  irregular  deposits  of  massive  limestones  containing  many  marine 
fossils.  I  believe  therefore  that  the  present  watershed  of  the  Binalut- Yakt4n- 
Doshakh  ranges,  south  of  which  I  have  not  found  any  beds  of  this  plant-bearing 
series,  also  marks  more  or  less  the  old  permo-trias  coast  line. 

From  the  observations  of  Blanford,*  Grewingk,*  H.  v.  Abich,"  and  others, 
it  appears  certain  that  the  same  beds  occupy  large  areas  in  the  Elbnrz  range, 
and  in  the  Armenian  provinces  of  Asia  Minor,  From  MushketofE's  researches 
in  Central  Asia  it  also  appears  that  the  same  group  of  strata  are  found  over 
a  large  area  in  Russian  Turkomania,  near  Tashkend,  Samarkand,  &c. 

1  found  beds  belonging  to  the  plant-bearing  system  on  the  flanks  of  the 
Binalut,  the  Yakt^n,  Doshakh  and  Dav6ndar  ranges,  and  the  Paropamisus,  Estoi 
and  Jam  ranges  are  almost  entirely  made  up  of  rocks  belonging  to  the  series. 
It  would  be  of  the  highest  importance  to  trace  these  littoral  formations 
eastwards  until  a  junction  could  be  effected  with  the  Himalayan  marine  beds  of 
the  same  age. 

>  Eait  Penia,  VoL  II,  by  W.  T.  Blanford.    London.  1876. 

*  Qrewingk :  die  geogn.  and  orogr.  Vcrhalfeii.  d.  nordl.  Persieni,  1858. 

*  Vexgl.  geogn.  GrundlQge,&c. 
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The  Bjstem  is  capable  of  being  divided  into  the  following  groups  :— 


Overlying  CretaoeooB  beds. 


TlTHONIAF 


UpPXB  JUBASSIO 


LOWBR     J17BA88IO       AVD 
LIAS 


'■{ 


BHjBTIO  tsias  aks  pxb- 

MIAK 


{ 


Light-coloured  sandfltonea  and  grits  with  plants;  marine  beds  with 
fossils. 


Bed  grit  group. 


Mnrind  limestone. 

Qreeu  sandstone  with  Goudwana  plants. 

Limestone  with  Brachiopods. 


Limestone  with  Brachiopods. 

Sandstones,  conglomerates  and  green  plant  shales. 


Underlying  Carboniferous  limestone. 

1.  The  plant^hearing  system  in  Afghanistan. 

In  describing  the  carboniferous  of  the  Dav6ndar  I  have  mentioned  that  the 
auxiliary  range  north  of  and  parallel  to  the  Dav^ndar  is  partly  composed  (near 
the  Kholi  Biaz  and  Sang-i-Ajal)  of  carboniferous  limestone.  This  is  overlaid  on 
each  side  by  younger  rocks,  belonging  to  the  plant-bearing  series,  and  by  great 
outbursts  of  igneous  rocks  (mostly  melaphyres)  belonging  to  the  upper  jurassio 
group. 

The  section  on  the  north  slope  of  the  pass  between  the  Sang-i-Ajal  and  Elholi 
Biaz  is  in  natural  order  and  very  clear.     It  is  in  descending  order, 

14.  Bed  grit  group  with  igneous  rocks.  From  about  4  to  5  miles  south  of 
Naorozabad,  extending  over  the  greater  part  of  the  valley  of  the  Kurukh  stream 
towards  the  north,  red  grits  with  purple  and  greenish  conglomerate,  volcanic 
breccia  and  tufa,  and  a  dark  trap  rock  are  in  situ,  deeply  eroded  into  ravines  by 
the  streams  draining  into  the  Kurukh  river.  The  dip  is  variable,  but  on  the  south 
side  of  the  vaUey  is  chiefly  to  the  north  and  north-west. 

13.  Sandstone  and  hard  flinty  limestone,  alternating  with  red  grit  beds, — dip 
about  30®,  west  to  north-west. 

12.  Bed  sandstone  and  grit  with  grey  sandstone,  entirely  composed  of 
material  derived  from  the  older  igneous  rocks. 

11.  Limestone  breccia  and  conglomerate,  with  limestone  beds  (traces  of 
fossils).  The  fragments  of  the  breccia  are  chiefly  made  up  of  carboniferous  rocks 
and  trap. 

10.  (Jreat  thiekness  of  greenish-grey,  very  friable  shales,  with  traces  of 
plants. 

9.  Soft  sandstone  bed,  a  few  feet  thick,  of  olive  green  colour,  enclosing  reed 
stems ;  with  irregular  thin-bedded  shaly  sandstone,  containing  Yertebraria  (?) 

8.  A  thin  coal'bedf — about  1  inch  in  thickness. 

7,  Gritty  sandstone  with  pebbles,  chiefly  of  limestone. 
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6.  Green  shales  interstratified  with  sandstone. 

5.  Oreen  sandy  micaceous  shales,  with  coalj  particles  and  some  plant  impres- 
sions. 

4.  Thin  bed  of  greenish-grey  fine  grit,  or  coarse  sandstone,  weathers  brown. 

3.  Grit,  with  limestone  fragments  of  the  carboniferoas  group,  containing 
fossils. 

2.  Hard  altered  sandstone  of  felsitic  character  with  shaly  bedB^  (pkylliteX 
of  considerable  thickness,  alternating  with  gritty  beds* 

1.  Hard  dark-grey  to  black  limestone  in  regular  beds,  containing  in  the  upper 
strata  numerous  crinoidal  stems  and  fragments ;  also  many  Brachiopod  remoina ; 
carboniferous  (upper). 

The  Sang-i-Ajal  and  Kholi  Biaz  hills  are  entirely  made  up  of  beds  belonging 
to  the  carboniferous  group,  dipping  about  65^  north,  on  the  north  slope  of  the 
Kholi  Biaz,  and  nearly  vertical  at  the  southern  base  of  the  pass  leading  over  thai 
range.  The  plant-bearing  beds  resting  on  the  carboniferoAS  group  are  quite  con- 
formable to  the  latter,  and  the  dip  gradually  lessens  towards  the  centre  of  the 
Kurukh  valley. 

The  southern  portion  of  the  Davtedar  section  differs  in  some  respects  from 
th9  KV>ti  Bjiast  suoGesaipa.  Descending  from  Jauza  J^ollah  to  the  pass  just  de- 
Borib^di  I  observed  the  foUowisag  beds, — in  descending  ord^r :; — 

7\  Igneous  rocks  (melaphyre)  associated  with  the  red  grit  group.;  dip  about  30 
to.  40^  south  to  spnth-west.  The  red  grit  group  forms  all  the  lower  spurs  which 
extend  from  the  Jauza  H.  T.  8.  towards  the  junction  of  th^  l^urukh  and  Herat 
rivers,  and  may  be  observed  to  form  also  the  Jauza  hill  with  the  lower  slopes  of 
it.  The  dip  is  rather  rolling,  but  in  the  main  to  the  aouth-^estw  Thick  red 
sandstone  with  grit  and  conglomerates,  and  a  few  thin  beds  of  micaceous  shales 
(red)  are  interstratified  and  laterally  replaced  by  igneons  rooks  (melaphyi;e). 
Some  of  the  most  conspicuous  poiuts  and  nearly  all  the  craggy  hills,  in  the  ranges 
are  conoposedt  of  the  trap.  The  Jauza  hill  (over  11,000  feet)  is  almost  entixdy 
made  up  of  a  dark  augitic  rock* 

6.  Near  the  centre  of  the  great  anticlinal,  or  rather  dome,  of  the^  Jausaaeotioiii 
I  came  upon  an  impure  reddish-grey  hard  limestone,  with  brecoiated  beds.  The 
limestone  is  in  parts  oolitic  in  structure ;  I  noticed  a  few  traces  of  fossils  (Brach- 
lopods)  north  of  Jauza  Killah,  but  could  not  get  them  out  of  the  rock.  The 
beds  of  limestone  are  apparently  not  very  regular,  though  I  always  found  them 
near,  or  immediately  below,  the  red  grit  beds.  Nort^  of  Jauza  village,  in  the 
stream  which  runs  into  the  Kurukh  river  near  the  village  of  Kurukh,  the  lime- 
stone beds  are  again  seen  just  below  the  red  grit  series,  and  at  that  locality  I 
found  some  well  preserved  Brachiopods,  of  a  rhaBtic  or  liassic  character.  The  bed 
ia  evidently,  of  very  varying  thickness,  for  on  the  north  slope  ot  the  Znimaat  I 
met  it  in  very  considerable  development.    Immediately  below  it  I  met — 

5.  Calcareous  grit  and  breccia  with  green  shales  (phyliites)  containing  angu- 
lar fragm^its  of  igneous  rocks. 

4.  Heddish  and  green  shales  with  leafy  impure  limestone,  traversed  by  innu- 
merable veins  and  joints  filled  with  calcspar. 
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3b  CkreeniBh*  micaceoua  sliaJes  (phjUites) ;  oonsiderable  thickness. 

2.  FeLaifcic  rock  with  imbedded  trap. 

1.  Limestone,  conglomerate  and  grit. 

The  lower  beds  of  this  section,  from  1  to  6,  comprise  the  greater  part  of  the 
aeotion  seen  on.  the  north  side  of  the  Kholi  Biaz  hill,  beds  3  to  11.  This  gronp 
of  beds  has  probably  been  deposited  near  a  shallow  coast,  and  both  the  lower 
(permo-trias)  andthe  middle  section  (jnrassic)  of  the  series  attain  a  much  greater 
thickness  farther  north  and  north-west,  and  in  EZhorassan  attain  enormous 
thicknesses* 

The  centre  of  the  anticlinal  which  forms  the  Dav^ndar  range  is  therefore  not 
to  be  fonnd  in  the  main  range,  but  north  of  it,  and  is  marked  by  the  "M^l^^n^ft 
atxaam  valley,  where  the  older  (carboniferous)  rocks  are  exposed. 

The  Kurukh  valley,  from  near  the  point  where  the  stream  leaves  the  hills 
before  entering  the  Herat  valley,  to  many  mi^es  east  of  the  Dav^ndar  hills  is 
formed  chiefly  by  the  red  grit  group. 

The  Paropamisus  range,  bounding  the  valley  on  its  north  side,  also  forms  an 
anticlinal,  considerably  disturbed  by  minor  faults,  and  in  some  places  the  beds  are 
BO  crushed  as  to  leave  great  doubts  concerning  their  relative  position.  Fortu- 
nately I  was  able  to  go  over  the  Zurmust  section  va  second  time  and  thus  satisfy 
myself  about  the  correct  interpretation  of  the  structure  of  the  range. 

The  red  grit  group  with  its  igneous  rocks  forms  &  great  trough,  in  which  the 
Kurukh  stream  has  eroded  a  deep  channeL  On  the  left  side  of  the  valley  the 
beds  forming  the  group  dip  nearly  north,  whereas  in  the  Zurmust  range  the  red 
grit  group  and  interbedded  melaphyre  dip  at  an  angle  of  65^  to  70^  to  the  south- 
east. 

The  entrance  to  the  Zurmust  is  occupied  by  a  purple  and  red  grit,  which  in 
places  becomes  quite  a  conglomerate,  extremely  hard,  and  seems  to  have  been 
subjected  to  alteration  near  the  contact  with  the  trap.  From  that  point  to  the 
height  of  the  Zurmust  pass  there  is  an  alternation  of  grits,  red  shales,  volcanic 
tufa  and  melaphyre,  with  an  amygdaloid  rock.  f 

The  igneous  rocks  assume  much  greater  thickness  towards  the  east,  the  upper 
Eurukh. 

Tithonian. — North  of  the  Zurmust  pass,  and  in  the  range  over  which  the 
Kashka.  Kotal  leads  to  Naratd,  the  red  grit  group  is  seen  to  underlie  a  group  com- 
posed of  white  sandstones  and  grits  with  plant-remains,  and  interstratified  lime- 
stones containing  marine  fossils. 

I  had  no  further  opportunity  this  year  of  revisiting  the  Naratti-Kilnati  section 
which  I  have  already  described  in  my  last  notes.  But  from  observations  of 
rocks  further  west  it  appears  certain  to  me  that  the  Naratii  plant  sandstones, 
overlying  the  red  grit  group,  belong  to  the  tithonian  horizon  and  form  a  passage 
from  the  upper  jui'assic  into  the  neocomian  limestones  and  marls  which  are  seen 
between  Ghakan  and  Kilanati,  on  the  road  to  Bala  Murghab. 

Marhtch  and  Band^uBaha. — The  Paropamisus  between  the  Zurmust  pass  and 
the  Marbich  shows  nearly  the  same  structure  as  I  observed  in  the  Zurmust 
section,  but  although  the  general  feature  of  the  range  is  that  of  a  great  anticlinal 
or  anticHnals,  it  has  undergone  such  great  disturbances,  and  the  beds  composing 
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it  are  so  mucli  shattered,  that  the  true  succession  of  strata  could  hardly  he  made 
out  anywhere  between  these  points,  if  the  neighbouring  region  had  not  afEorded 
a  key  for  its  interpretation. 

Fault  of  the  Paropamisus, — ^Between  the  Band-i-Baba  and  the  Zurmnst  it 
may  easily  be  seen  that  a  line  of  fault  runs  east  and  west,  south  of  .the  main 
range ;  and  beds  of  the  middle  of  the  plant  series  (the  red  grit  g^up)  are  thrown 
against  and  partly  thrust  over  some  of  the  white  sandstones  and  grits  of  the 
uppermost  group  (tithonian).  Near  the  Thagan  Bpbat,  north  of  the  Znrmost 
pass,  the  fault  has  thrust  the  red  grit  group  partly  over  the  younger  white 
sandstone  (tithonian). 

Near  the  Marbich  pass  the  fault  crosses  to  the  north  side  of  the  Paropamisns, 
crushes  beds  of  the  red  grit  group  against  upper  cretaceous,  and  is  lost  further  west 
below  the  tertiary  deposits  of  Badghis.  In  the  Estoi  range,  in  Khorassan,  the 
fault  appears  again  plainly,  and  may  be  traced  in  a  more  or  less  north-westerly 
direction  along  the  Kat-i-Shamshir  hills.  The  hot  spring  of  Garm-ab  (115®  P.), 
north  of  Tiraman,  rises  along  this  fault. 

The  Band-i-Baba. — The  main  range,  over  which  the  Band-i-Baba  pass  leads 
from  Kushk  is  composed  of  the  uppermost  group  of  the  Jurassic  series,  repre- 
sented by  light-coloured  sandstones  and  grits  with  intercalated  limestone  with 
marine  fossils.  The  same  beds  are  seen  in  the  Kashka  Kotal,  north  of  the  Thagan 
Bobat,  and  at  Naratd,  and  I  believe  represent  as  nearly  as  possible  the  tithoniaa 
stage  of  Europe.    I  found  in  descending  order : 

1.  Sandstone,  dark  grey,  fine-grained,  with  numerous 
Ostrea  remains  and  calcareous  beds  entirely  com- 
posed of  an  Ostrea  species 

2.  Sandstone,    light    grey,    with   greyish-white    sandy 
^..,      .                          /  shales;  the  first  contains  some  plant-remains;  the 

*  \  latter  a  few  bivalves.     The  dip  is    rolling,  bat 

generally  to  the  north. 

3.  Sandstone  and  grit  with  cones  of  conglomerate. 
Resembles  strongly  upper  Oondwaona  sandstone 
and  contains  plant-remains. 

The  series  may  be  seen  in  all  the  ravines  which  lead  towards  the  Marbich 
and  Band-i-Baba  from  the  grassy  slopes  of  the  Kushk  valley,  and  the  beds  dip 
under  an  angle  of  about  25°  to  S(f  to  the  north. 

South  oi  the  pass  I  found  that  beds  belonging  to  the  red  grit  group  are 
faulted  against  the  mass  of  light-coloured  grits  of  the  Band-i-Baba,  and  the 
strata  composing  the  upper  Jurassic  are  dipping  25°  to  the  south.  Near  the 
actual  contact  great  disturbance  and  crushing  is  noticeable,  the  beds  of  the  red 
grit  group  being  here  and  there  raised  up  vertically  and  even  inverted.  Between 
the  top  of  the  Band-i-Baba  and  the  ravine  south  of  Bobat-i-Khona,  leading  to 
Palezkar,  the  red  grit  group  is  as  follows  in  descending  order : — 

r  3.  Hard  bluish.green   sandstone,    forming    very  thick 
Bed-grit  group         . }  beds    with   grit   zones    and  trap    pebbles*     The 

'  sandstone  is  composed  of  volcanic  material 
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/  2.  Breccia,  same  as  1,  bat  in  thinner  beds,  alternating 
-with  a  clay  shale  or  concretionary  clay  of  dark 
green  or  red  colonr ;  this  group  is  of  great  thick- 
ness, and  can  hardly  be  less  than  1,200  to  1,500 
feet. 
1.  Dark  brownish-red  and  purple  conglomerates  and 
-gn  group  .  '  gii\&  the  fragments  made  up  of  igneous  material, 

alternating  with  great  layers  of  trap  breccia  and 
volcanic  tufa.  The  fragments  are  all  derived 
from  igneous  rocks,  fj^enerally  melaphyre,  cement- 
ed by  a  black  or  dark-green  tufaceous  matrix. 
\  Interstratified  with  red  grits  and  sandstones. 

PalezJcar  beds,  Talchirs  ? — The  low  hilly  ground  between  the  hills  immediate-  - 
ly  north  of  Herat  and  the  foot  of  the  Band.i-Baba  range  itself,  is  formed  by  a 
gyncILnal,  much  disturbed  and  in  some  places  completely  crushed.  Between 
the  village  of  Palezkar  and  Bobat-i-Surkh,  in  the  Herat  valley,  some  of  the  lower 
beds  of  the  plant-bearing  series  are  exposed.  They  consist  of  a  gproup  of 
sandstones  and  green  shales,  associated  with  interstratified  trap  (amygdaloid 
melaphyre),  which  may  be  seen  well  exposed  near  the  high  conical  hill  known 
as  the  Hissar-i-Ghulamdn,  and  in  the  ravines  of  the  Palezkar  and  Shor&n 
streams,  which  drain  into  the  Kurukh  river. 

Nearer  Bobat-i-Surkh,  I  noticed  a  greenish-grey  impure  shale,  micaceous, ' 
with  traces  of  plant-remains  (Yertebraria  P)  associated  and  alternating  with  con- 
glomerate and  a  trap  breccia  in  thick  beds. 

Towards  the  south-east  they  are  overlaid  by  coarse  brown  sandstones  and  grits, 
with  badly  preserved  plant  impressions,  and  towards  Muchkhandak  by  the  red 
grit  group. 

Altogether  the  Palezkar  beds  resemble  in  some  respects  the  Talchirs  of  India, 
and  still  more  so  the  lower  (Ecca)  beds  of  the  Karoo  formation  o|  South  Africa, 
and  recall  to  me  vividly  the  sections  seen  a  few  miles  south  of  Pie  term  aritzburg 
in  Natal,  and  the  beds  exposed  in  the  ravines  of  Kleine  Karoo  and  the  Bokkeveld 
of  the  Gape. 

I  believe  they  belong  to  the  beds  2  to  7  which  I  described  as  overlying  con- 
formably the  carboniferous  limestone  of  the  Kholi  Biaz  hill,  in  the  Dav^ndar  range, 
and  form  most  probably  a  passage  from  the  upper  carboniferous  into  the  trias,  com- 
prising  perhaps  the  upper  Kuling  beds  of  Himalayas  with  Otoceras  tooodwardi. 

Hills  north  of  Herat. — The  hill  range  which  runs  almost  east  to  west,  and 
within  2  miles  of  Herat,  ia  composed  of  several  groups  of  rocks,  which  form  three 
separate  zones.  The  greater  part  of  the  range,  from  a  point  half  way  between 
Parwana  and  Herat  to  Bobat-i-Surkh,  is  formed. by  the  older  beds  of  the  plant- 
bearing  system,  which  dip  to  the  north-east,  and  apparently  rest  on  hard  grey 
splintery  limestone,  which  forms  the  range  between  the  Parwana  stream  and  the 
Sinjao  valley,  and  which  may  be  carboniferous. 

I  crossed  the  Paropamisus  between  the  Band.i-Baba  and  the  Hari  Bud  by  the 
Ardewan,  Ghasma  Sabz  and  Bobat-i-Surkh  passes,  and  partly  explored  the  Mar- 
bich  route. 
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Ma/rhi6h  and  Koh-i-KaUu. — The  latter  route  skirts  both  the  Koh-i-Eaita  and 
Marbich  peaks,  which,  in.  their  general  featoresi  resemble  the  Band-i-Baba.  Tlie 
southern  half  with  the  Koh-i-Slaitu  is  composed  of  the  red-grit  group  whidi  is 
faulted  against  the  tithonian  grits  and  Ostrea  limestones  of  the  Marbich. 

Ardewan.'^Th.e  beds  composing  the  Ardewaji  all  belong  to  the  red-grit  gw^P 
with  a  part  of  the  higher  tithonian  white  sandstones  and  grits  overlying  it     ^^ 
structure  presents  one  or  more  folds,  with  a  considerable  amount  of  local  ^^* 
turbance.    North  of  the  paas,  where  the  road  enters  the  grassy  slopes  of  ^^ 
Kushk  drainage,  the  sandstones  of  the  tithonian  group  have  been  faulted  oa^ 
crushed  against  beds  (white  marly  limestone),  of.  the  upper  cretaceous  formatioB. 
I  believe  this  to  be  on  the  same  line  of  fault  which  I  could  trace  from  poix^^  ^ 
point  through  the  Paropamisus  and  the  Jam  hills  of  Khorassan. 

The  rocks^  which  compose  the  red-grit  g^up  of  the  Ardewan,  consist  of  thick 
beds  of  grit,  sandstone  and  conglomorate,.  mostly  of  a  dense  reddish-brown  to  p^if* 
pie  colour,  in  general  character  resembling  the  rocks  of  this  group  at  the  ZuP" 
must  pass.  The  conglomerate,  changes  locally  into  a  volcanic  breccia,  which  ifl 
well  shown  in  the  cliffs  just  north,  of  Kush  Kobat,  near  the  south  entrance  to  the 
pass.  I  found  no  trap  in  situ,  but  thick  beds  of  volcanic  ash,  with  embedded 
bombs  of  malaphyre,  are  intercalated  between  the  conglomerates.  The  general 
dip  of  the  group  varies  from  north-west  to  north-east,  but  in  one  or  two  places 
small  folds  repeat  the  series  of  beds. 

Beyond  the  watershed  of  the  Sinjao  stream  and  the  stream  which  drains  into 
the  Kushk,  the  red-grit  group  is  overlaid  conformably  by  coarse  sandstones  (with 
ferruginous  nodules)  and  grits  with  calcareous  beds,  containing  marine  shellsy 
which  I  believe  to  belong  to  the  tithonian  horizon,  continuous  with  rocks  of  the 
same  age  of  the  Marbich,  Band-i-Baba,  and  Elashka  Kotals.  The  sandstone  is  cut 
off  by  the  fault  already  noticed,  and  crushed  against  upper  cretaceous  limestone 
with  Inoceramus  cripsi,  Mant. 

Ohasma  8ahz  pass, — The  section  exposed  at  the  Chasma  Sabz  pass  is  ahno^ 
identically  the  same  as  the  one  seen  in  the  Ardewan.  It  consists  of  a  series  of 
beds  of  the  red-grit  groiq),  dipping  15^  to  20^  north-east,  and  in  descending  order 
I  found : 

4.  Densely  red  grits  and  ferruginous  sandstone,  formings  a  lower  and  panBllel 

range  north  of  the  Chasma  Sabz  pass. 
3.  Orey  friable  needle  shales,  conglomerates  and  partings  of  day  shales. 
2.  Orits  and  greyish  needle  shales  with  bluish-grey  hard  clay  shales. 
1«  Bed  and  brown  to  purple  sandstone  with  coarse  conglomerate  and  volottD^ 
ash  beds. 

2.  The  plant'hearinq  system  in  Khorassan. 

The  QaHkharchang  pass  and  the  Kat-i-Shamshir  range.^-The  great  fao^^     ^ 
scribed  on  page  56,  and  which  runs  more  or  leeis  south-east  to  north-west  tb^"^^*® 
the  Paropamisus,  divides  also  the  range  of  hills  which  bears  the  name  o^    . 
Kat-irShamshir  on  our  old  maps.    Here  the  fault  runs  close  along  the  nor^J^  ^  ^ 
of  the  watershed  between  the  Jam  river  valley  and  the  drainage  which  f all^  *^^ 
down  into  the  Han  Bud.    The  fault  is  well  exposed  in  the  Gadkharchax^^  I^ 


PART  1.]  Obiesbach  :  Afghan  md  Plersiaik  Freld^notesw  59^ 

itself,  and  fartber  to  tlie  north-west  at  the  hot  sprieg"  of  Gatm-ab  (115^  F.X  i^  i^ 
lost  amidst  the  tremfiBdonsly  crashed  strata.   % 

The  southern  half  of  the  Gaiikharchang  pass,  which  leada  from  the  Jam  valley 
north  of  T«rbat-i- Sheikh-Jam  to  Zohrabad,  is  composed  of  fragments  of  sand- 
stones and  grits  belonging  to  the  red-grifc  groap  with  great  masses  of  igneona 
rocks.  The  prevailing  rock  is  a  melapkjre,  with  long  strips  of  a  sjenitio  granite* 
which  I  believa  to  belong  to  a  later  epooh.  Ash  beds  and  vokanic  conglomeirates 
are  fonnd  between  the  enonnons  layers  of  bedded  melaphyre,  dipping  gently  to 
the  sonth  below  the  late  tertiary  deposits  of  the  Jam  valley. 

Th&  nor^em  half  of  the  pass  between  the  fanlt  and  the  Zohrabad  plateau, 
past  the  Bnvj-Kalich-l^haii,  is  formed  chiefly  by  beds  bek>Dging»  to  the  middle  and 
npper  groups  of  the  jurassio  system.  The  structure  is  that  of  one  or  more  anti- 
clinal arches,  somewhat  crushed  here  and  there,  but  sufficiently  clear  to  establish 
the  following  groups  in  descending  ovdev : 

Tithonian  f   ^  Light-colonred  sandstone,  grit  and  Hinestone:  beds ; 

*  I  the  latter  with  Ostrea  sp. 

/  2.  Dark-grey  to  black  finely  bedded  shales,  very  friab^ 

Bed-gritgroup,  upper  \  with  ferruginous  partings.   Great  thickness.  Frag- 

jnrassic.                    i  ments  of  plant-remains. 

\  Coarse  red  grit  and  sandstone  in  thick  beds. 

/  1.  Greenish-grey  coarse  sandstone  with  ferruginous  part- 
ings, and  dark-grey,  fine  needle  shales.  The  grej 
shales  show  some  badly  preserved  plant-impres- 
sions, but  the  sandstone  (near  Burj-Kalich  Khan) 

(  yielded  a  great  number  of  both  marine  lower  Juras- 

sic fossils,  Brachiopods,  Bivalves,  Echinoderms, 
&c.,  and  also  of  remains  of  Olossopteris  sp.,  and 
other  Gondwana  plants  in  a  fairly  good  state  of  pre- 

\  servation. 

It  IB  lemarkable  how  the  red^grit  group  and  the  higher  grite  of  tiiie  tithonian 
kaye  dwindled  down  va.  thickness  in  this  section,  compared  to  the  great  deports 
of  sondBtone  and  volcanic  ash  beds  which  form  this  gix)up  in  the  Paropamisn^ 
sections.  The  stieam  of  Paid^h  Jiin  Mur&d^  north-east  of  the  Burj  Kaliob  Kha¥i» 
has  formed  picturesque  escarpments  in  the  red-grit  group^  resembling*  greatly 
ihe  escarpments  in  the  Mahadeva  sandstones  of  Sirguja  and  Palamow  in  India. 

Rohat-i'Sv/rhh  pass. — Approaching  the  Bobat-i-Surkh  pass  fiN)m  the  nprtb 
(Cknli!^),  one  has  to  pass  over  roUing  hills  of  rounded  outlinesj  oomposedi  as  far  as 
I  ooold  judge  from  the  scanty  exposures  seai  en  route,  of  nothing  else  but  the  soft 
argiUaoeoua  beds  and  soft  sandstones  which  I  believe  belong  to.  the  upper  Siwalik 
hovison.  Near  the  north  slope  of  the  pass  a  number  of  low  spurs  are  seen  to  run. 
out  from  the  Mash  range,  and  I  found  them  to  consist  of  light-lm)wn  sandston^a 
and  giits  in  thick  beds,  which  resemble  the  plant-bearing  sandstones  of  the  Bandr 
i^Babo.    The  beds  dip  here  geaiiAj  to  the  north  below  the  Gulr&n  beds. 

The  pass  itself  ahowa  a  group  of  sandstones,  generally  thiok-bedded»  whiph  in 


Lower    and    middle 
jurassio. 
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its  upper  portions  is  alternating  with  reddish  and  greenish  marly  beds.  I  found 
no  fossils  in  any  of  the  strata,  but  I  believe  the  whole  to  belong  to  the  red-grit 
group,  which  it  closely  resembles. 

The  structure  seems  to  be  that  of  a  wide  anticlinal  curve ;  the  pass  itself  is 
formed  by  simple  erosion  of  two  streams,  flowing  north  and  south,  separated  by  a 
low  watershed  of  only  a  few  hundred  feet  in  width. 

Further  to  the  north-west,  the  red-grit  group  swells  again  in  thickness,  and 
on  the  left  side  of  the  Ka^haf  Rud  valley  forms  all  the  lower  slopes  underlying 
the  cretaceous  rocks  of  the  Takht-i-Oauzak. 

The  pass,  which  leads  from  Sang-i-Safed  (near  Firaiman)  over  to  Elat-i-Shamshi 
to  Oarm-ab,  reveals  a  section  very  like  the  one  traversed  by  the  Ga6kharcluing 
pass.  The  beds  of  the  red-grit  group,  which  compose  the  entire  range  at  this  point, 
are  much  shattered  and  folded.  Near  the  south  entrance  to  the  pass,  the  beds  dip 
to  the  south-west  and  are  overlaid  uucomformably  by  younger  tertiaries,  oon- 
glomerates,  and  sandstone.  The  red-grit  group  of  this  pass  consists  of  densely  red 
conglomerate,  grits  and  volcanic  ash  beds  with  trap  interstratified,  between  the 
layers  of  which  irregular  beds  of  grit  often  appear.  There  are  also  some  earthy 
black  shales  associated  with  the  grit,  and  several  irregular  masses  of  hard  splintery 
grey  sandstone,  traversed  by  numerous  calcspar  veins.  The  lower  strata  of  the 
red-grit  group  resemble  the  beds  seen  on  the  north  slope  of  the  Jauza  hill  in  the 
Dav6ndar  section ;  immediately  below  the  grit  I  found  a  greenish-grey  concre« 
tionary  shaly  sandstone  which  overlies  a  fine-grained,  hard  greenish-grey  and 
reddish-grey  sandstone  similar  to  the  one  which  I  met  in  the  Jauza  section,  south 
of  the  Kholi  Biaz. 

Near  Gurm-ab,  on  the  north  side  of  the  pass,  I  found  the  bedding  much  disturb- 
ed, and  near  the  fault  much  shattered.  Near  Kummer  Sard,  a  small  settlement 
of  Nomads  north-west  of  Oarm-ab,  I  saw  the  red-grit  group  conformably  overlying 
the  lower  Jurassic  black  plant  shales. 

Between  Bareili  and  the  Takht-uQauzah, — The  trough  between  the  Bareili 
hill,  the  highest  part  of  the  E[at-i-Shamshir  range,  and  the  Takht-i-Gkkuzak,  south- 
west of  Pul-i-Khatnn,  is  formed  by  a  succession  of  folds  composed  of  lower 
and  upper  Jurassic  rocks.  The  former  are  developed  as  black  or  dark-grey 
shales  with  greenish-grey  sandstones,  which  yield  lower  Jurassic  marine  shells 
and  some  Gondwana  species  of  plants.  They  are  overlaid  by  the  red-grit  group 
which  dips  below  the  tithonian  and  lower  cretaceous  of  the  Takht-i-Gauzak. 

The  country  between  the  two  ranges  is  more  or  less  uninhabited  now,  and 
water  is  only  obtainable  at  a  few  points.  I  had  therefore  to  hurry  over  it  too 
quickly  to  make  very  detailed  observations. 

The  plant'hearing  system  in  the  Taktan  range  and  Bizd  hill. — The  Takt^ 
range  runs  in  a  north-west  south-east  direction  between  the  Jami  and  Shalir-i- 
Nao  valleys,  and  forms  a  continuation  of  the  Binalut  range.  At  its-  south-eaatem 
extremity  is  the  Bizd  hill,  south-west  of  Turbat-i- Sheikh- Jami.  As  already  de- 
scribed,  the  range  is  formed  by  a  steep  anticlinal  fold,  the  centre  of  which  is  com- 
posed of  carbonif erons  marine  limestones,  overlaid  on  each  flank  by  beds  belonging^ 
to  the  plant-bearing  system.  When  I  examined  the  range  in  March  of  this  year, 
the  gr^bter  part  of  it  was  still  covered  with  thick  masses  of  snow,  and  only  at  one 
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locality  (near  Baband)  was  I  able  to  penetrate  the  enter  hills  to  the  inner  core  of 
carboniferons  limestone.  The  depression  between  the  latter  and  the  enter  hills 
was  then  almost  filled  hy  snow,  so  that  I  have  not  been  able  to  see  either  the 
contact  between  the  two  Systems  of  formations,  nor  the  lower  beds  of  the  plant- 
bearing  series. 

The  Bizd  hill  itself  is  composed  of  igneons  rocks  (melaphyres)  with  sandstone 
and  conglomerates  of  the  red-grit  gfroap  of  precisely  the  same  lithological  charac- 
ter as  noticed  in  the  sections  of  the  Paropamisns. 

The  same  rocks  with  great  deposits  of  volcanic  ash  beds  and  tnfa  are  seen 
all  along  the  northern  slope  of  the  Yaktdn  range.  The  beds  of  conglomerate  and 
sandstone  with  interstratified  igneons  rocks  dip  to  the  north-west,  and  apparently 
are  conformable  to  the  carboniferons  limestone  which  form  the  main  range,  but 
the  actual  contact  I  have  not  seen. 

JPlant  beds  of  Kalanderdbad, — Kear  Kalanderabad  the  outer  range  separates 
into  a  chain  of  isolated  low  hiUs,  which  consist  of  a  hard,  light-gprey,  splintery 
limestone,  overlaid  by  plant-bearing  beds.  I  remember  having  observed  a  similar 
bed  of  grey  splintery  limestone  in  the  plant-beds  of  PaJezkar,  near  Herat. 

The  Kishti  Pv^hia  pass  from  Kila-i-Nao  to  Amun^Jaffre  (and  Aliyeh), — The 
rocks  composing  the  parallel  ridges  of  the  pass  which  leads  over  the  Yaktan 
range,  belong  nearly  all  to  the  plant-beanng  series  with  its  igneous  rocks. 

Near  the  northern  side  of  the  pass  (near  Elalanderabad),  I  obseWed  greenish- 
brown  sandstones,  with  shaly  partixigs,  dipping  50^  west.  They  yielded  a  few 
poor  specimens  of  plants,  the  common  reed-like  fragments. 

The  series  of  beds  is  contorted,  and  forms  a  synclinal  near  the  centre  of  the 
pass.  The  structure  is  too  complicated  to  allow  a  careful  survey  during  a  hasty 
march,  but  I  noticed  the  close  connection  of  igneous  rocks  with  the  plant-bearing 
sandstones  and  conglomerates.  The  igneous  rocks  are  chiefly  melaphyres  with 
a  red  felspathic  rock,  very  common  in  the  red  grit  group.  With  it  occurs  a 
volcanic  breccia,  containing  some  rolled  boulders  of  large  sizes,  embedded  in 
a  porous  volcanic  tufa,  with  angular  fragments  of  igneous  rocks. 

The  sedimentary  rocks  of  the  group  form  narrow  strips  within  the  belt  of 
igneous  rocks,  and  are,  with  few  exceptions,  all  sandstones  of  reddish-brown  and 
greenish  colour.  Some  high  cliffs  on  the  left  side  of  the  valley,  near  the  Kilah-i-Nao 
entrance  to  the  Kishti  Pukhta  pass,  are  composed  of  a  great  thickness,  of  a  coarse 
brown  sandstone,  with  grit  partings,  showing  false  bedding  well  marked.  Several 
beds  of  a  coarse  conglomerate  occur  with  it.  In  the  lower  layers  I  found  a  few 
irregular  deposits  of  reddish-brown  clay.  A  large  deposit  of  irregular  thickness 
of  the  boulder  breccia,  already  described,  I  noticed  at  the  base  of  the  sandstone, 
forming  the  right  side  of  the  valley  and  overlaying  the  igneous  rocks. 

Another  patch  of  sandstone,  which  reminded  me  of  the  Talchirs  of  India,  I 
found  near  the  south  side  of  the  pass,  not  far  from  Amun- Jaffre.  It  is  a  soft, 
olive-coloured  sandstone,  with  small  ferruginous  concretions  in  some  of  the  strata 
and  partings  of  olive-green  shales.  I  found  no  fossils  in  them.  Near  the  south- 
em  side  of  the  watershed  I  found  an  irregular  thick  bed  of*  white  limestone  of  a 
fine  crystalline  texture,  very  hard  and  splintery,  enclosed  in  tlie  igneons  rocks  of 
the  group,  and  apparently  belonging  to  it. 
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Karat  range. — ^The  Irange  whicli  separates  the  Khaf  plain  &:om  the  Shahi^i- 
Kan  valley,  and  which  bears  the  name  of  the  Karat  range  on  our  maps,  I  haTB 
ntifortanatelj  not  visited,  but  frcHn  the  distance  it  i^pears  that  the  higher  range 
with  the  peak  Koh-i-Khaf  is  composed  of  n  dark  rock,  presnxaably  iimesione, 
dipping  to  the  sonth  at  a  low  angle. 

North  to  north-west  of  it^  I  noticed  other  rocks,  of  a  lightekr  brownish-green 
^ooloor,  dipping  gently  towards  the  Khaf  range.  This  latter  rock  I  believe  to  bo 
the  group  of  igneous  rocks,  shales  and  sandstone  of  ihe  plant*beds. 

Bt'nalfU  fange^^-The  Biualut  range  is  simiku*  in  structure  to  the  Yaktdn  hills, 
and  is  in  fact  only  a  continuation  of  the  latter.  Only  in  the  Dehrad  pass  section 
did  I  cross  the  plant-bearing  series,  which  north  of  the  DehrUd  pass  itsrif, 
between  it  and  the  vilk^e  of  GolistiLn,  overlies  conformably  the  carfoonifaoas 
limestone  with  marine  fossils. 

The  plant-bearing  group  is  here  irepresented  by  ha^  grey  and  gteen  shales 
associated  with  Volcanic  ash  bedd  and  a  Tturietyof  enlptive  rocks.  I  £ound  no 
fossils  in  the  shales. 

Bed-grit  gnmp  of  lf(tt2in.-*-North-west  Of  Nishapur,  the  bncient  capital  of 
Khorassan,  «ome  spurs  branch  off  the  Binalut  range  which  seetti  all  to  beloog  to 
rocks  of  the  red*grit  group  of  precisely  the  same  litholog^cal  character  as  those 
seen  in  the  hills  east  of  the  Band-i-Zurmust. 

The  Mad&n  hill  itself  is  composed  of  volcanic  ash  belonging  to  the  gronp^  with 
some  contact  rock^  which  will  have  to  be^  carefully  analysed  hereafter.  In  this 
contact  rock  the  celebrated  turquoises  are  found,  and  there  are  now  about  a 
thousand  "mines  "  in  and  around  the  hill,  of  which  aboilt  a  hundred  only  are 
worked ;  tiie  best  stones  are  found  in  pits  sunk  in  the  mountain  talus,  whereof 
course  the  mineral  is  easily  extracted  from  the  crumbling  decomposed  masa* 

The  extraction  from  the  surrounding  matrix  seems  the  difficulty  in  obtaining 
good  and  large  stones,  which  otherwise  abound  in  great  quantities. 

Unfortunately  the  hill  mass  of  Mad^n  is  so  completely  enshrouded  on  all 
sides  by  recent  tertiary  deposits,  that  I  have  been  unable  to  trace  the  €u;taal  ccm- 
nection  of  the  rock  composing  it  with  the  lower  plant-bearing  series  of  the 
Binalut  range. 

The  rhcetio  and  Jurassic  deposits  qf  the  Kelat-i-Nadri  ^ec^itm,— The  section 
between  Mashhad  and  Khelat-i-Nadri  is  one  of  the  most  interesting  in  Elhorassan. 
There  the  entire  series  from  the  rhsetic  to  the  upper  cretaceous  is  represented 
by  marine  beds. 

A  stream,  running  almost  due  north-south,  has  eroded  a  deep  and  veiy  narrow 
gorge  through  the  hard  limestones  of  the  upper  rhsdtic  and  Jurassic  series ;  in 
some  places  so  narrow  that  there  is  only  room  for  a  laden  mule  to  pass  throagh. 
The  Arka-bun-Shah  pass  leads  into  ihe  gorge  excavated  by  the  Kelat  stream, 
running  north,  which  has  eroded  a  similar  gorge  through  a  succession  of  limestones 
and  hard  shales. 

The  section  is  an  extremely  good  one  and  presents  a  succession  of  folds 
mainly  composed  of  hard  splintery  limestones  and  dolomites  with  some  ahaly 
partings,  which  in  several  horizons  yielded  fossils,  chiefly  Brachiopods,  belonging 
to  the  upper  rhsetic  or  lower  lias.     The  upper  beds  contain  a  few  sandstone  part- 
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ings,  and  yielded,  liesides  marine  fossils,  some  *ra^er  badly  preserved  plant- 
remaiiis.  These  beds,  wbicb  I  beHeveto  be  lower  jurassio,  nit^  overlaid  by  massive 
limestones  (with  corals)  and  red  grits,  somewbat  resembling  ihe  red-grit  grottp 
rocks.  Tbis  marine  system  is  conformably  o'v^rlaid  by  the  crcftaceotiiB  roc^  of 
Kelat-i-Nadri. 

The  cretaceous  rocks  of  the  Herat  province. 

In  the  Herat  valley  itself,  I  have  not  met  with  any  cretaceous  rodke^,  but  the 
aouthem  half  of  the  Doshakh  range,  witii  the  peak  itself,  belongs  to  the  wide- 
spread hipporitic  formation,  which  forms  nearly  all  the  hill  ranges  of  South  and 
Western  Afglm.TiTnj«.n-  The  Zingatik  pass  from  Kashmard  to  Pahri  marks 
approximately  a  fault  which  has  brooght  the  paUaocoic  rooks  of  the  northern 
h^f  of  the  Doshakh  range  with  ihe  Bobat-i-Pai  peak  in  direct  contact  with  hard 
white  and  grey  coral  limestone,  which  yielded  many  hipporites,  8ome  badly 
preserved  ammonites  and  bivalves. 

I  have  nothing  to  add  to  my  description  of  the  cretaoeons  rocks  of  the  Tirband- 
i-Tarkestan,  which  I  have  not  been  able  to  revisit. 

Crelmoeoue  rocks  north  of  the  Paropami^iis. — ^North  of  tiie  Ardewan  pass, 
crashed  against  the  upper  Jurassic  or  tithonian  sandstones  and  grits,  I  met  white 
marly  limestones,  which  contain  Inoceramus  cripsi  Mant.  in  excellent  preservation, 
a  species  common  in  the  upper  cretaceous  formation  of  Hungary  and  South-Eastem 
Europe. 

The  cretaceous  system  occupies  a  large  area  north  of  the  Estoi  and  Paropa- 
misus  range,  and  I  found  the  upper  horizon  with  Inocpramus  cripsi  in  almost 
all  the  sections  which  I  have  seen  of  the  cretaceous  beds  of  that  region.  Most 
probably  the  shell  limestones  of  Kushk,  of  Ghakan,  and  the  greater  part  of  the 
Tirband,  belong  to  the  same  system 

The  cretaceous  rocks  of  Khorassan. 

Cretaceous  beds  may  be  traced  from  Khelat-i-Nadri  in  a  south-^ast  direction 
to  the  range  of  the  Takht-i-Ganzak  and  the  clifEs  of  the  Hari  Bud  between 
Pul-i-Khatun  and  Zolfikar.  Most  of  the  ground  north  of  the  Estoi  hills  to  the 
Kashaf  Bud  valley  is  also  covered  by  beds  belonging  to  the  cretaceous  system. 

I  found  that  the  system,  which  cannot  be  less  than  about  3,500  to  4,000  feet 
in  thickness,  can  be  divided  into — 

4.  Earthy  brownish-white  limestones,  with  flaggy  beds 
of  white  limestones.     Forms  high  cliffs  along  the 
Upper  cretaceous     •  i  Hari  Bud,  Kelat-i-Nadri,  &c.     Yielded  many  cre- 

taceous fossils,    amongst    them  Inoceramus  cripsi 
Mant. 

'  3.  White  earthy  limestones  and  chalk  with  indurated 
clay ;  fossils  in  bad  state  of  preservation. 
Lower  cretaceous      .  (   2.  Dark  shales,  with  ferruginous  partings. 

1.  Yellowish-white  earthy   limestones,    many    well-pre- 
served fossils, — Brachiopods,  Trigonia,  &c. 
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Between  Kelat-i-Nadri  and  Zolfikar  this  section  may  be  seen  at  any  pointy 
and  the  beds  seem  hardly  disturbed  at  all,  generally  sloping  gently  to  the  north- 
east|  showing  steep  scarps  towards  the  south  and  south-west. 

The  cliffs  along  the  Hari  Bud,  between  Pul-i-Khatun  and  Zolfikar,  are 
entirely  formed  by  these  rocks  and  offer  complete  and  undisturbed  sections. 

The  massif  of  Eelat^i-Nadri  is  a  synclinal  basin  formed  of  cretaceous  rocks, 
through  which  the  Kelat  treams  has  eroded  a  transverse  valley,  or  rather  gorge. 

Oretaceous  rocks  in  the  Binalut  ran^e.— ^Limestones  with  some  fossil  remains 
which  I  found  dipping  below  nummulitic  beds  near  Sultan  Maidan,  in  the  Binalnt 
range,  probably  belong  to  the  cretaceous  system. 

Oranite  and  gneissose  rocks  of  Herat  cretaceous, — Immediately  north  of  Herati 
from  a  point  nearly  north-west  of  the  city  to  north-east,  including  the  low  hills 
of  Ghazegah,  a  gneissose  rock  with  syenitic  granite  dykes  is  found,  which  seems 
identical  with  similar  rocks  of  the  Upper  Kurukh  valley  and  the  Dav^ndar  peak 
itself.  This  belt  of  granitic  and  gneissose  rocks  may  be  traced  along  the  south 
slope  of  the  Estoi  hills  (in  the  Oadkharchang  pass)  to  Sangbast,  south-east  of 
Mashhad,  and  I  believe  belong^  to  a  period  subsequent  to  the  red-grit  group, 
possibly  to  the  same  outburst  which  has  converted  so  much  of  the  upper 
cretaceous  rocks  of  Southern  Afghanistan  into  fine  marble. 

Nummulitic  roohs, 

Beds  with  nummulites,  and  associated  with  younger  eruptive  rocks,  rhyolites 
and  trachytes,  I  have  only  come  across  near  Maddn,  north-west  of  Nishapur, 
in  Khorassan.  The  nummulitic  beds  Jiere  occupy  a  large  area,  south  of  Maddn ; 
and  on  the  Sultan  Maidan,  north  of  the  turquoise  mines,  I  found  nummulites 
in  a  calcareous  dark  limestone  and  in  sandy  beds,  closely  associated  with  great 
masses  of  rhyolite,  which  has  changed  the  sedimentary  beds  locally,  and  partly 
converted  them  into  semi-metamorphic  masses. 

At  the  Sultan  Maidan  the  nummulitic  group  seems  to  rest  conformably  on  a 
g^y  shell  limestone  which  I  believe  to  be  cretaceous,  and  which  fonns  the 
western  slope  of  the  Binalut  range,  north  of  Madin. 

On  the  outer  slopes  of  the  Kat-i-Shamshir  between  Sang-Safed  and 
Saugbast,  south-east  of  Mashhad,  I  found  the  beds  with  nummulites  in  descend- 
ing order : 

5.  Red  conglomerate  and  sandstones  in  thick  beds, 

■M"        ^^«^i:,-^«-.«^?>      ^  dip  28®  to  30*  n^est  to  south-west-by-west. 

Miocene  or  oUgocene  r    •  <    .    ^       ,  ,  ...         .  i-x-     i-       x 

4.  Conglomerate,  consisting  of  nummulitic  limestone 

pebbles. 
3.  Grey  slialy  limestone  with  Brachiopods. 
2.  Yellowish- white    limestone,    corals,   Ostrea,    num- 
mulites. 
Nummulitic         .         .  ^    ^    Dark-grey  shales  with  intercalated    concretionary 

limestone,  which  contains  many  bivalves,  echi- 
noderms,  nummulites,  &c. 

The  beds  below  this  are  obscured  by  recent  deposits,  but  a  few  miles  south- 
east of  the  locality  cretaceous  beds  dip  below  the  fan  of  recent  accumulations  of 
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claj  and  conglomerate  and  most  probably  wonld  be  found  to  conformably  underlie 
the  nnmmalitic  group. 

Ifiocene.— Miocene  rocks  seem  to  be  widely  distributed  north  of  the  Paro- 
pamisus  and  on  the  Sarakhs  plain,  but  I  have  not  myself  been  able  to  identify 
them.  Captain  Tate  and  Dr.  Owen  of  the  Afghan  Boundary  Commission  have 
brought  me  well«preserved  specimens  of  Ostrea  muUicostataf  Desh.;  the  first 
from  the  Nimaksar,  north-east  of  Zolfikar,  and  the  latter  from  E^hwaja  Kallandar, 
north-east  of  Kushk,  in  Badghis.  I  have  not  been  able  to  visit  either  of  these 
localities.  Apparently  the  fossils  occur  in  a  light-coloured  clay  associated  with 
the  salt-bearing  and  gypsiferous  group,  which  is  largely  deyeloped  in  Iforthem 
Badghis. 

Younger  terttaries. — To  the  description  of  the  younger  tertiaries  given  in  my 
lajst  *'  notes"  I  have  nothing  to  add  of  any  importance.  Good  sections  through 
the  upper  gproups  of  the  tertiary  system  are  seldom  met  with,  as  they  are  gene- 
rally hidden  below  enormously  thick  masses  of  alluvial  deposits  and  &kns. 

Camp,  Sheieh-i-Wak,  Herat  vallit^ 
mh  November  1885. 


Notes  on  the  Section  from  Simla  to  Wangtu,  and  on  the  petrological  character 
of  the  Amphibolites  and  Quartz-Diorites  of  the  Sutlej  valJ^  ;  hy  Colonel 
C.  A.  McMahon,  F.G.S.     (With  a  plate.) 

Part     I :  Introdaction ;  description  of  the  section. 
„     II:  Notes  on  the  microscopical  character  of  traps,  amphibolites  and  qoarts-diorites. 
,.   Ill :  Remarks  on  the  character  of  the  rocks,  and  on  the  stratigraphy  of  the  region. 

Paet  I. 
Intboduction. 

A  visit  to  Simla  during  1884  afforded  me  an  opportunity  of  taking  a  run  up 
the  Sutlej  valley  as  far  as  Wangtu.  The  time  at  my  disposal  for  the  trip  was 
however  so  extremely  limited  that  I  had  to  cover  22  marches  in  8  J  days,  and 
travel  at  the  average  rate  of  27  miles  a  day.  But  as  I  had  been  up  and  down 
the  Sutlej  valley  on  previous  occasions,  this  rapid  survey  was  sufficient  to 
enable  me  to  review  my  first  impressions  regarding  the  geology  and  stratigraphy 
of  this  region  in  the  light  of  the  experience  subsequently  acquired  at  Dalhousie 
and  Chamba.  I  shall  begin  this  paper  with  a  brief  sketch  of  the  geology  of  the 
section  from  Simla  to  Wangtu  by  way  of  preface  to  my  remarks  on  the  petrolo- 
gical structure  of  the  hornblende  rocks  and  quortz-diorites  of  the  Sutlej  valley, 
and  on  the  stratigraphy  of  this  region. 

The  rocks  between  Simla  and  Narkanda  have  already  been  described  by 
Mr.  Medlicott  in  his  Memoir^  and  referred  to  in  the  Manual  of  the  Geology  of 
India ;'  my  first  paper  on  Simla  geology,  abo,  contains  notices  of  them.^  A  brief 
rSeum^  of  the  lithology  of  this  section  will  be  given  in  the  last  part  of  this  paper. 

>  Mem.  Geol.  Snr.,  Vol.  Ill,  pp.  88-40. 
«  Vol.  II,  pp.  608,  604. 

>  Supra,  Vol.  X,  pp.  209,  211.214. 
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At  Narkanda  we  have  decided  mica  schists,  dipping*  a  little  north  of  east,  with 
heds  of  gneiss  on  the  flank  and  top  of  Hattn,  a  mountain  10,469  feet  high,  that 
rises  to  an  elevation  of  1,600  feet  above  Narkanda. 

Mica  schists  continue  for  some  3  or  4  miles  on  the  road  to  Ko^arh, 
and  are  followed  in  ascending  order  bj  quartzites.  There  is  a  considerable 
thickness  of  the  latter,  but  it  would  be  impossible  to  calculate  their  precise 
thickness  from  roadside  observations  only,  as  the  dip  flattens  and  waves  about  in 
a  somewhat  unsteady  manner  as  far  as  Kotgarh.  The  quartzites  are  followed 
by  more  or  less  micaceous  rocks,  and  the  dip  finally  settles  down  into  a  north- 
easterly  direction.  On  leaving  Kotgarh  the  metamorphism  gradually  declines, 
and  dark  rocks,  with  a  micaceotis  glaze,  succeed,  which  belong  unmistakably 
to  the  infra-KroI  carbonaceous  series.  The  carbonaceous  element  in  them  is 
sufficiently  strong  to  blacken  the  soil  of  cultivated  fields  here  and  there. 

As  the  road  from  Kotgarh  to  Nirat  (Nirth)  neara  the  bottom  of  the  valley, 
the  gneissose  granite  crops  up  quite  suddenly.  ^  Where  it  first  appears,  the  dip 
of  its  foliation  is  the  reverse  of  the  dip  of  the  infra-Krol  rocks,  but  it  shortly 
afterwards  reverts  to  the  normal  north-easterly  dip.  The  actual  contact  of 
the  two  rocks  is  masked  by  vegetation. 

The  gneissose  granite  continues  to  Nirat,  and  thence  to  the  Muchara  river 
which  flows  from  the  east  into  the  Sutlej  to  the  north  of  Nirat,  The  Muchara 
appears,  at  this  point,  to  mark  the  division  between  the  gneissose  granite  and  the 
carbonaceous  infra-Krol  rocks,  which  re-appear  on  its  right  bank  dipping  in  a 
south-easterly  direction. 

So  far  as  could  be  seen  from  the  road,  the  Nirat  outcrop  of  the  gneissose 
granite  exhibited  a  marked  parallelism  of  structure  that  reminded  me  of  the 
"  outer  band  "  at  Dalhousie ;  but  this  outcrop  strikes  for,  and  doubtless  merges 
into,  the  perfect  granite  of  the  Kot"  peak  north  of  Bargi.  The  outcrop  is  about 
4  miles  thick.  The  rock  appeared  to  me  to  be  jointed  in  the  direction  of  the 
foliation  rather  than  bedded.  The  lines  of  division  are  of  unequal  thickness,  and 
are  irregular  and  variable ;  they  do  not  appear  to  persist  for  any  great  distance  in 
the  same  direction,  but  merge  into  each  other,  or  are  stopped  abruptly  by  other 
joints  at  right  angles  to  their  direction. 

The  infra-Krol  rocks  continue  with  a  south-easterly  dip  as  far  as  the  Nogli,* 
a  stream  that  flows  into  the  Sntlej  about  3  miles  south  of  Bampur.    The  dip 


1  In  my  first  paper  (1877)  I  noted  {tupra^  Vol.  X,  p  214)  that  the  gneissose  gmnite— then 
called  gneiss — on  its  first  appearance  alternates  with  the  carbonaceons  slates.  This  1  now  think 
was  an  erroneous  impression  created  by  talus,  or  a  land-slip,  covering  part  of  the  granite.  The  blocb 
brought  down,  however,  look  like  slates  in  situ,  and  it  requires  a  good  deal  of  consideration  to 
detect  the  deception. 

^  Kot  is  not  marked  on  the  map.  It  is  the  point  immediately  to  the  north  of  the  Osrii 
Station,  on  the  ridge  running  down  from  the  Qarh  Station  to  the  Sutlej,  where  another  ridge  joioi 
it  from  the  east. 

*  In  my  first  paper  already  quoted  (footnote  ante)  I  stated  that  between  Nirat  and  the  Nogli 
the  slates  alternated  with  the  gneiss.  This  mistake  appears,  as  far  as  I  can  now  make  out^  to  bsre 
been  owing  to  some  misreading  of  mji  notes  made  18  months  previous  to  writing  my  paper.  I 
marched  along  this  road  again  in  1878  and  noted  no  gneiss. 
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is  sometimes  yery  flat,  and  as  the  Nogli  is  neared,  a  oortherlj  dip  sets  in  for  a 
short  time. 

The  rocks  are  occasionallj  very  sUicioiis  and  almost  jaspery,  bnt  are  sometimes 
very  dark,  as  at  the  Tillage  of  Dantnugger.  As  the  Nogli  is  neared,  they  are 
decidedly  carbonaceous,  and  there  is  no  doubt  about  their  belonging  to  the  infra- 
Krol  series. 

At  the  Nogli  a  beautiful  milky- white  quartzite  that  takes  a  high  polish,  and 
is  sometimes  mistaken  for  marble,  appears  dipping  south-west.  This  rook,  which, 
I  think,  represents  the  Krol  quartzite,  is  followed  by  trap. 

The  trap  is  a  homblendic  variety ;  some  of  it  is  distinctly  amygdaloidal  ;^  and 
it  is  intercalated  with  slaty  beds  having  a  micaceous  glaze,  and  resembling  the 
trap  in  colour.  Somewhere  near  the  middle  of  the  series  three  bands  of  white 
quartzite  occur  intercalated  between  beds  of  slaty  rocks. 

The  volcanic  rocks  here  displayed  appear  to  me  to  occupy  very  much  the 
same  horizon  as  the  altered  basalts  of  the  Dalhonsie  region,  which  occur  between 
the  Silurian  and  the  carbo-triassio  series.  Their  relation  to  the  white  quartzite 
band  at  the  Nogli,  and  to  the  quartzites  interbedded  with  them,  which  presumably 
represent  the  Krol  quartzite,  would  however  seem  to  indicate  that  they  are 
somewhat  younger  than  the  Dalhousie  Volcanic  series.  In  this  respect  the  Bam- 
pur  lavas  agree  with  those  of  ELashmir,  where  Mr.  Lydekker  observed  that,  in 
some  instances,  they  pass  up  into  his  Kuling  series,'  the  equivalents  of  the  infra- 
Krol  series  of  the  Simla  region,*  and  of  the  lower  carboniferous  series  of  Europe 
and  Australia.* 

I  am  disposed  to  regard  the  quartzites  intercalated  with  the  lavas,  as  well  as 
the  quartzite  at  the  Nogli,  as  the  equivalents  of  the  Krol  quartzite.  Mr.  Medli- 
cott  has  pointed  out*  that  these  beds  sometimes  attain  considerable  thickness,  as 
at  Boileauganj.  At  Simla  the  deposition  of  the  sand,  of  which  these  quartzites 
were  originally  composed,  was  unbroken,  but  in  the  Rampur  area  it  was,  appar- 
ently, interrupted  by  lava-flows  and  by  the  deposition  of  mud,  into  the  composition 
of  which  volcanic  ejectamenta  probably  largely  entered,  but  the  deposit  of  sand 
was  resumed  from  time  to  time  when  the  volcanic  energy  was  dormant. 

The  trap  series  lasts  with  a  south-easterly  dip  as  far  as  Bampur  ;  here  there 
is  a  fault  along  the  axis  of  a  synclinal  flexure  which  brings  down  the  milky 
white  Krol  quartzite  and  the  trap  series,  both  of  which  on  the  north  side  of  the 
fault  have  a  north-easterly  dip.  The  trap  series  to  the  north  of  Rampur  is 
evidently  the  same  as  that  which  occurs  to  the  south  of  the  town,  and  the  white 
quartzite  which  I  have  described  as  occurring  about  the  middle  of  the  series, 
between  the  Nogli  and  Rampur,  re-appears  in  a  similar  position  in  the  series  to 
the  north  of  the  town.  Owing  to  vegetation,  however,  I  could  not  see  whether 
slaty  beds  are  intercalated  with  the  latter  or  not. 

'  I  did  not  notice  any  of  tbe  amygdaloidal  varioty  in  niu,  bat  blocks  of  it  are  very  nameroua 
€lti  the  roadside,  and  nre  without  doubt  of  local  origin. 

>  Memoirs,  Geological  Surrey,  Vol.  XXII,  pp.  133,  185, 138,  141,  148,  217,  222. 

•  Ih,  p.  201. 

•  lb,  p.  161. 

•  Mem.,  Qeol  Sur.,  Vol.  Ill,  pp.  24,  34. 
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The  traps  on  the  north  side  of  Rampnr  hare  much  the  same  general  appeannce 
as  those  to  the  sonth,  with  the  exception  that  they  are  more  metamorphosed 
and  consequently  appear  more  distinctly  homblendic  to  the  nnaided  e  je.  In  the 
northern  outcrop  many  of  the  beds  are  distinctly  slaty  in  texture,  and  there  is  a 
comparative  absence  of  the  amygdaloidal  variety.  I  once  found  an  amygdaloidal 
block  by  the  roadside,  2  or  3  miles  north  of  Bampur ;  and  aa  the  block  conld 
not  have  travelled  up  the  riyer,  and  as  the  non-amygdaloidal  portion  of  it  exactly 
resembled  the  local  rock,  the  probability  pf  its  having  been  derived  from  a  local 
source  is  very  great.  The  amygdules  formed  a  band  along^the  top  of  this  block. 
This  is  the  only  occasion  on  which  I  found  amygdaloidal  trap  north  of  the  town  of 
Bampur. 

Whatever  differences  are  observable  between  the  beds  to  the  north  and  to  the 
south  of  Bampur,  I  attribute  partly  to  the  probability  of  volcanic  ash  having 
taken  a  larger  part  in  the  formation  of  the  beds  to  the  north  than  in  those  to  the 
south  of  the  town,  and  partly  to  the  northern  beds  being  more  within  the  region 
of  metamorphism. 

The  actual  line  of  the  fault  which  I  have  described  as  occurring  at  Bampur 
may  be  seen,  in  section,  on  the  right  bank  of  the  Satlej,  a  little  to  the  north  of  the 
town  ;  and  the  white  quartzite  with  a  north-easterly  dip  is  there  let  down  against 
the  dark  trap  series;  and  the  line  of  division  between  the  two  is  as  sharp  as  if  it 
had  been  cut  with  a  knife. 

In  my  paper,  published  in  1877, 1  stated,  with  reference  to  the  first  appearance 
of  the  trap  at  the  Nogri,  that  the  "  strong  quartz  beds  are  burst  asunder  and 
twisted  about  by  the  trap  in  a  wonderful  manner."  I  was  young,  as  an  observer, 
then ;  and  in  those  days  the  Sutlej  trap  was  believed  to  be  an  intrusive  rock. 
The  trap  where  it  first  crops  out  certainly  has  the  appearance  above  described, 
but  this,  I  think,  is  deceptive,  and  is  produced  by  contortion,  which  has  been 
very  severe  at  this  point,  and  by  small  local  faulting.  The  idea  of  intmsion 
is  also  favoured  by  the  fact  that  the  trap  is  jointed  at  right  angles  to  the  bedding 
of  the  quartzites. 

In  the  middle  quartzite  band  intercalated  with  the  traps  to  the  south  of 
Bampur,  an  instructive  example  of  columnar  structure  is  to  be  seen ;  a  bed  of 
white  quartzite  has  weathered  into  a  perfectly  rounded  column,  2  feet  in  dia- 
meter and  about  15  feet  long.  Its  frayed  end  shows  a  tendency  to  split  np 
into  a  series  of  annular  coats  like  an  onion.  This  struck  me  as  interesting  in 
connection  with  the  bacillary  structure  of  the  Boilcauganj  quartzites^  at  Simla. 
The  columnar  structure  above  described  is  probably  due  to  the  heat  produced 
by  beds  of  lava  flowing  over  beds  composed  of  silicious  materials  ;  and  if  so,  tbe 
bacillary  structure  of  tiie  Boileauganj  quartzites  may  be  referred  to  a  similar 

cause. 

The  metamorphism  of  the  Jako  (Simla)  beds  has  been  conjecturally  referred 
by  Mr.  Medlicott  *  to  the  heat  produced  by  igneous  masses  injected  as  sheets,  or 
flowing  over  the  Jako  beds  from  the  direction  of  Hattu.     The  rapid  decline  of 

1  Mem.  Geol.  Sur.,  Ill,  p.  85. 
^  Ponjab  Qaietteer :  Geology. 
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metamorphiBin  on  deBoendisg  from  the  Krol  schists,  on  the  top  of  Jako,  to  the 
Silurian  heds  in  the  valleys  below,  almost  completely  shnts  out  the  supposition 
that  the  metamorphism  of  the  Jako  rocks  can  be  due  to  tangential  pressure  or  to 
agencies  operating  from  below,  for  in  the  Simla  region  contortion  is  rampant  in 
the  strata  of  the  valleys  and  inconsiderable  on  the  hill-tops ;  whilst  the  strati- 
graphy of  Jako,  and  its  neighbourhood,  is  such  as  to  altogether  exclude  the  sup- 
position of  inversion. 

The  Kot  peak,  a  few  miles  to  the  north  of  Hattu,  where  the  gneissose  granite 
is  perfectly  granitic,  probably  represents  a  centre  of  volcanic  activity,  and  is  pro- 
bably the  long-buried  root  of  a  volcano  from  whence  sheets  were  injected  into 
the  neighbouring  strata,  and  from  which  streams  of  acid  lava,  long  since  re- 
moved by  erosion,  were  poured  out  far  overhead. 

The  traps  to  the  north  of  Bampur  are  followed  by  a  very  thick  series  of 
white  and  grey  quartzites  having  the  normal  north-easterly  dip.  These  are,  I 
think,  the  equivalents  of  the  silicious  beds  between  Narkanda  and  Kotgarh. 

At  the  village  of  Pishwara^  a  broad  band  of  hornblende  rock  crops  out.  No 
evidence  of  its  intrusive  character  is  visible  from  the  road.  The  jointing  of  the 
rock  is  at  right  angles  to  the  bedding  of  the  quarfczites.  A  specimen  of  this  rock 
18  described  in  part  II,  of  this  paper.  No.  20. 

As  Gaora  is  neared,  the  quartzites  become  micaceous,  and  a  little  south  of 
Oaora  pass  into  white  hydrous  mica  schists  that  decay  into  a  thick  white 
powder.  These  beds  reminded  me  strongly  of  some  schists  in  the  Dalhousie  area 
that  crumble  into  a  white  soapy  powder,  as,  for  instance,  those  seen  under  Tikri. 
In  the  Dalhousie  area,  I  have  classed  these  rocks  among  the  lower  silurians,  and  I 
think  the  beds  in  the  Sutlej  valley  occupy  a  similar  position.  In  the  section  from 
the  Thera  mall  to  Banikhet  I  think  the  Sutlej  valley  schists  are  represented  by 
the  paragonite  (?)  slate  No.  47  of  my  microscopic  sections.' 

Proceeding  onwards  to  G-aora»  the  mica  schists,  just  described,  dip  under 
foliated  rocks,  and  these  pass  into  gneissic  beds.  The  latter  are,  I  think,  the 
oldest  rocks  met  with  in  the  section  under  description,  and  are  of  lower  silurian, 
or  Cambrian,  age. 

At  Gaora  the  dip  is  north-north-east,  but  it  rounds  towards  the  west,  and  at 
Sarhan  it  is  west-north-west ;  the  road  to  Sarhan  works  back  across  the  strike 
of  the  rocks,  and  at  the  Mangldd  stream  the  white  hydrous  mica  schists  are  again 
reached.  Some  beautiful  specimens  of  these  rocks,  which  might  be  mistaken 
for  talc  schists,  may  be  obtained  here. 

On  the  ascent  from  the  MangUd  N&la  to  Sarhan,  the  traveller  passes  back 
again  across  the  strike  to  the  gneissic  beds  seen  at  Gaora. 

In  the  cliffs  on  the^roadside,  some  2  or  3  miles  short  of  Sarhan,  a  hornblende 
rock  crops  out  which  is  described  under  No.  23  of  Part  II.  At  this  point  it  is 
almost  certainly  intrusive  in  the  mica  schists ;  if  it  is  not  intrusive,  its  onward 
course  must  be  abruptly  cut  off  by  a  fault  of  which  no  other  trace  is  visible. 

This  rook  is  of  distinctly  foliated  structure.    It  frequently  recurs  on  the  road 

^  AppA?ent]j  the  village  named  Posada  oq  the  Atlas  sheet. 
*  Records,  Vol.  XVI,  p.  140. 
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up  the  Sntlej  yalleyl  to  Wangin,  sometimes  in  the  schists  and  sometimes  in  the 
^eissose  granite.     It  is  not  necessary  that  I  should  note  every  appearance  of  it 

Beyond  Sarhan  the  dip  is  N.  11°  E.  The  road  lies  in  the  gneissic  heds,  and 
in  the  schists,  bnt  the  white  hydrous  mica  schists  are  not  again  reached. 

Between  the  93rd  and  94th  milestones,  a  dyke  of  this  peculiar  rock  appears  in 
the  clifEs,  along  the  face  of  which  the  road  has  been  carried  by  blasting.  A  dyke 
traverses  the  rocks  just  at  the  spot  where  the  late  Sir  A.  Lawrence  was  killed, 
and  the  white  stone  cross  erected  to  his  memory  is  fixed  on  the  dark  diorite  and 
marks  the  place  of  the  accident.  In  those  days  the  road  was  carried  along  the 
face  of  the  clifE  by  a  balcony  ;  this  gave  way  as  Sir  A.  Lawrence  was  riding  along 
it,  and  he  was  precipitated  down  the  precipice  and  killed  on  the  spot. 

The  foliated  quartz-diorite  here  appears  to  be  intrusive  :  it  certainly  cuts 
across  the  foliation  of  the  gneissic  beds  in  one  place. 

About  three  quarters  of  a  mile  beyond  this  point  bands  of  fine-grained  gra- 
nite  begin  to  occor  in  the  gneissic  beds,  which  dip  north.north-west^  and  doubtless 
the  granite  is  intrusive  in  the  gneiss.  There  are  three  or  four  such  bands,  and 
then  the  gneissose  gp^nite  itself  appears.  At  first  the  latter  is  here  and  there 
gneissose,  but  afterwards  it  becomes  granitic  and  finely  porphyritic. 

The  gneissose  granite  lasts  until  the  Kandla  n^a^  is  reached,  when  mica 
schists  come  in  for  awhile,  the  gneissose  granite  reappearing  a  little  to  the  sonth 
of  Chora.  It  seems  to  me  not  improbable  that  these  outcrops  of  gneissose  granite 
are  continuous ;  if  they  are,  the  granite  cuts  directly  across  the  strike  of  tbe 
schists.  The  point  can  only  be  determined  by  exploring  the  side  of  the  mountain 
above  Kamparang  and  Ohora,  which  I  had  not  time  to  do. 

The  gneissose  granite  continues  from  Chora  to  about  the  102nd  mile  from 
Simla,  viz.y  to  about  2  miles  on  the  Sarhan  side  of  Tharanda,  where  gneissic 
rocks  with  granite  veins  in  them  come  in.  The  dip  here  is  nearly  perpendicular, 
inclining  a  little  to  the  north  of  west.  Between  the  101st  and  102nd  milestones, 
gneiss  appears  to  alternate  with  granite,  and  the  impression  left  on  my  mind  by 
a  roadside  examination  of  these  beds,  is  that  at  the  junction  of  the  main  mass  of 
the  gneissose  granite  and  the  sedimentary  beds,  the  latter  are  abundantly  pene- 
trated  by  sheets  and  veins  of  the  granite.  The  gneissic  portions  between  the  gra- 
nite sheets  are  much  riddled  by  granite  veins. 

Near  the  102nd  milestone  there  has  been  much  crushing,  and  the  gneissose 
and  schistose  beds  vary  in  dip  from  west  to  south,  and  from  flat  to  perpendicular, 
within  a  few  yards. 

On  the  descent  to  the  n&la  under  Tharanda'  I  observed  the  hornblende  rock 
(quartz-diorite)  twice ;  and  on  the  ascent  to  Tharanda  it  crops  out  five  times. 
These  outcrops  are  probably  continuous  and  form  one  broad  dyke  ;  but  owing  to 
the  excess  of  vegetation  I  was  not  able  to  see  whether  this  is  so  or  not.  A  sample 
of  this  rock  is  described  in  Part  II,  No.  26. 

'  The  Kandla  nila  \b,  I  think,  the  stream  flowing  down  from  the  Bhosloh  Trigonometrical 
Station  into  the  Sntlej,  to  the  west  of  the  village  of  Shilwan.  Chora,  which  is  not  marked  on  the 
Trigonometrical  Survey  Atlas,  is  ahoat  one  and  a  half  miles  to  the  north  of  this  stream. 

*  This  stream  is  I  think,  the  one  flowing  down  from  the  Bbosleh  Station  into  the  SuUej  to 
the  west  of  the  villnge  of  iThusnring.  Tharanda  is,  I  think,  ahout  half  a  mile  or  so  to  tbe 
east  of  the  Nanaipar  Station  marked  on  the  map. 
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After  leaving  Tharanda  one  rounds  the  spar  before  commencing  to  descend  in 
an  easterly  direction  to  the  stream  nnder  Pawanda.^  The  gneissose  granite 
crops  out  again  here,  and  it  is  probably  continuous  with  the  outcrop  south  of 
Tharanda. 

The  gneissose  granite  is  at  first  fine-g^rained  and  non-porphyritic ;  but  after- 
wards all  the  varieties  of  this  rock,  namely,  the  gneissic,  the  porphyritic,  and  the 
perfectly  granitic,  are  seen.  Veins  of  the  fine-grained  non-porphyritic  variety 
occur  both  in  the  gpieissose  and  in  the  porphyritic  varieties. 

On  the  descent  to  the  n&la  under  Pawanda,  near  where  the  106th  milestone 
from  Simla  used  to  stand, '  an  outcrop  of  the  hornblende  rock  (quartz-diorite) 
occurs,  having  a  width  of  about  a  quarter  of  a  mile.  It  runs  up  the  mountain 
side  in  a  perpendicular  direction.  In  this  diorite  there  are  seven  or  eight 
perpendicular  dykes  of  the  porphyritic  granite  and  one  perpendicular  dyke  of  the 
fine-grained  non-porphyritic  granite.  Mica  has  been  developed  in  the  foliated 
diorite  apparently  by  contact  action^  A  specimen  taken  from  the  diorite  at  its 
contact  with  the  granite  is  described  in  Part  II,  No.  25.  One  dyke  of  the 
hornblende  rock  (diorite)  has  all  the  appearance  of  having  passed  straight  up 
the  middle  of  one  of  the  perpendicular  dykes  of  porphyritic  gneissose  granite.  If 
this  is  not  really  the  case,  two  narrow  dykes  of  the  granite  must  have  run  a 
perfectly  parallel  course]  very  close  together  on  either  side  of  a  thin  dyke  of 
the  foliated  diorite.  The  latter  has  a  sharp  clean-cut  edge,  and  looks  superficially 
like  one  of  those  perpendicular  dykes  of  basalt  one  so  often  sees  traversing  beds 
of  lava  in  the  crater  walls  of  a  volcano.  A  hand  specimen  taken  from  this  nar- 
row dyke  of  hornblende  rock  (diorite)  is  described  under  No.  27,  Part  II. 

If  the  wide  outcrop  of  the  hornblende  rock  which  occurs  at  the  106th  mile 
from  Simla  is  continuous  with  that  on  the  south  side  of  Tharanda,  about  the 
103rd  mile  from  Simla  (and  the  one  outcrop  strikes  in  the  direction  of  the  other), 
it  is  clear  that  the  hornblende  rock  must  strike  obliquely  across  the  gneissose 
granite  ;  for  the  outcrop  on  the  ascent  to  Tharanda  occurs  on  the  western  margin 
of  the  granite,  and  indeed  clear  of  it,  whereas  the  outcrop  opposite  Pawanda 
occurs  either  at,  or  near,  the  eastern  margin  of  the  granite.  Appearances  in  the 
field  therefore  favour  the  supposition  that  the  hornblende  rock  is  an  eruptive  rock 
intrusive  in  the  gneissose  granite  and  that  it  is  of  the  same  age  as  the  latter,  for 
it  is  itself  penetrated  by  dykes  of  the  granite. 

On  the  ascent  from  the  stream  to  Pawanda  one  crosses  over  the  strike  of  the 
rocks,  and  those  seen  on  the  descent  to  the  stream  are  recrossed  ;  owing  to  vegeta- 
tion, however,  there  are  not  the  same  facilities  for  observing  their  details. 

From  Pawanda  to  Narchar,'  owing  to  forests,  the  rocks  are  not  often  seen  in 
aitUy   but  when  seen  they  are  fine-grained   non-porphyritic  gneissose  granites. 

'  Derived,  I  should  imagine,  from  pawan  ''wind/'  a  spealciDg  commentary  on  what  the 
climate  must  be  in  winter.  The  stream  alluded  to  is  the  one  shown  on  the  map  as  flowing  down 
from  the  **  Snowy  Peak  No.  5,"  into  the  Satlej  to  the  west  of  Pang.  Powanda  is  on  its  right  bank. 

*  The  majority  of  the  milestones,  «•#.,  painted  boards  let  into  stone  columns  have  been  carried 
off  by  Buddhist  travellers  from  Tibet,  nnder  the  impression  that  the  words  so  many  "miles  from 
Simla  "  are  an  English  invocation  of  the  Deity. 

*  Narchar,  one  of  the  residences  of  the  Sutlej  valley  Forest  Officer,  ia  not  marked  on  the  map. 
It  is  4  miles  on  the  Simla  side  of  Waogtu. 
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Near  Narcliar  veins  of  white  oligoclase  intrusive  granite  begin  to  appeWi  aadaa 
Wangtn  is  neared,  these  veins  become  more  abundant. 

At  Wangta  all  varieties  of  the  gneissose  granite  are  well  seen :  some  are  per. 
fectlj  granitic ;  some  are  of  the  ordinary  porphjritic  type  ;  some  reminded  me  of 
the  unporphyritic  varieties  of  the  Dalhonsie  area,  as  seen  on  Dainknnd,  in  the 
Chuari  pass,  and  at  Sihnnta.  Veins  of  the  latter  variety,  which  is  not  to  be 
confounded  with  the  white  oligoclase  granite,  are  to  be  seen  in  the  porphyritic 
kind,  whilst  the  white  oligoclase  granite  traverses  all  the  other  varieties^ 

At  page  219  of  my  first  paper  (jtupra^  VoL  X)  I  described  a  foliated  horn- 
blende  rock,  which  I  considered  to  be  an  igneous  rock  in  an  advanced  stage  of 
metamorphism,  traversing  the  gneissose  granite  (then  termed  granitoid  g^eifl8)and 
behaving  as  an  eruptive  rock.  A  good  place  for  observing  it  is  at  the  month  of 
the  Wangar  stream,  where  it  joins  the  Sutlej  at  Wang^u.  I  made  a  sketch  of 
this  on  the  occasion  of  my  first  visit,  and  another  when  I  was  last  there.  An 
attempt  to  give  the  reader  the  benefit  of  this  is  made  at  fig.  I  of  the  plate  attached 
to  this  paper.  A  good  picture  from  an  artistic  point  of  view  cannot  be  made 
of  the  subject,  as  it  has  to  be  viewed  from  above,  and  it  is  a  physical  impossibility 
to  get  down  to  a  level  with  it  on  the  opposite  side  of  the  Wanga  stream.  The 
rock  itself  can  be  reached,  and  on  both  occasions  I  brought  away  hand  specimens 
of  the  foUated  diorite,  but  the  side  of  the  rook  to  which  access  is  possible  is  not 
a  good  one  for  a  sketch. 

Previous  to  commenting  on  the  stratigraphy  of  the  section  now  described  I 
think  it  desirable  to  give  the  results  of  an  examination  of  thin  slices  of  the  Bam- 
pur  traps  and  of  the  hornblende  rocks  of  the  Sutlej  valley  as  seen  under  the 
microscope.  The  rock  seen  at  the  junction  of  the  Wangar  and  Sutlej  rivers  is 
described  under  No.  29. 


Part  II. 

NoTBS  on  TBI  Microscopical  Examination  of  thb  Traps,  Diorftis  and  Hobh- 

BLBNDB  Bocks  or  thb  Sutlbj  Vallbt. 

3Vap«  on  the  souih  Me  of  the  town  of  Bampur. 

No.  l.^A  greenish  grey  amygdaloidal  trap.     Sp.  O.  2'87. 

No.  2.— A  fine-grained  trap.    Sp.  O.  2'88. 

No.  3. — Taken  from  a  bed  that  crops  out  close  to  the  town.     Sp.  O.  2*89. 

No.  4. — Taken  from  the  middle  of  the  southern  outcrop.     Sp.  G.  2*87. 

No.  5.-— Taken  from  near  the  southern  margin  of  a  bed  that  crops  out  on  the 
bank  of  the  Sutlej  river.  Sp.  Q.  2*91. 
These  specimens  are  of  dark-grey  colour,  No.  5  having  a  somewhat  greenish 
tinge.  No.  3  is  a  speckled  rock,  and»  with  the  aid  of  a  pocket  lens,  it  is  seen  to 
be  distinctly  crystalline.  The  other  specimens  may  be  described  as  being  of 
compact  texture,  though  minute  blades  of  hornblende  may  be  discerned  in  them 
with  a  pocket  lens. 

M. — ^No.  1  consists  of  a  mixture  of  hornblende,  mica,  and  felspar ;  the  two 
former  being  abundant.    Magnetite  and  epidote  are  also  present.     Most  of  th^ 
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felspar  is  tolerably  fresh  and  much  of  it  is  distinctly  triclinic :  it  contains  micro- 
liihs  apparently  of  hornblende. 

The  hornblende  is  in  long  slender  prisms,  or  fibres ;  but  cross-sections  exhibit 
the  characteristio  prismatic  cleavages. 

The  amygdoles  contain  zeolites,  epidote,  mica,  iron  pyrites  and  calcite.  The 
presence  of  long  strings  of  perfectly  formed  mica  in  the  amygdoles  renders  it 
probable  that  the  mica  seen  in  the  trap  itself  is  also  of  secondary  origin.  In 
transmitted  light  it  varies  from  a  brown-green  to  an  olive-green  colour. 

The  amygdules  above  described  contain  a  few  minute  liquid  cavities  with 
bubbles,  but  none  were  detected  elsewhere. 

Nos.  2  to  5  contain  hornblende,  felspar,  and  mica  in  minute  leaves.  The 
hornblende  is  generally  dark-green  in  colour,  and  is  powerfully  dichroic,  except 
in  No.  4  in  which  the  hornblende  is  very  pale  in  transmitted  light ;  in  the  latter, 
however,  the  dichroism  is  still  distinct.  Nos.  2  and  3  contain  calcite,  and  2,  4, 
and  b,  a  few  grains  of  free  quartz.  The  quartz  of  4  and  5  contain  some  minute 
liquid  cavities  with  bubbles,  but  high  powers  are  required  to  detect  them.  Gas 
pores  are  sparsely  present  in  all  the  above  specimens  (2 — 5).  Nos.  2  and  5 
contain  some  hasmatite,  and  a  little  epidote.  Sphene  is  abundant  in  No,  4,  and 
one  of  the  slices  of  No.  4  also  contains  a  garnet. 

The  felspar  in  Nos.  2  to  5  is  visibly  triclinic  in  the  majority  of  crystals. 
No.  5  appears  to  contain  a  few  prisms  of  orthoclase,  but  this  species  of  felspar 
could  not  bo  identified  in  any  of  the  other  slices.  A  piece  of  microcline  is 
present  in  No.  4. 

In  all  the  above  slices  (2 — 5)  more  or  less  of  a  residuum  or  base  can  be  made 
out,  which  seems  to  consist  in  part  of  quartz.,  in  part  of  felspar,  and  in  part 
of  a  crypto-crystalline  admixture  of  both. 

With  the  exception  of  a  few  specks  in  No.  4  the  magnetite  in  all  the  other 
thin  slices  appears  to  have  been  converted  into  ferrite.  Microliths  of  hornblende 
are  abundant  in  all  the  specimens  examined  under  the  microscope. 


Trap  on  the  north  side  of  the  town  of  Bampur, 

No.  6. — ^Amygdaloidal  trap.  Sp.  O.  3*06.  One  half  of  the  hand  specimen  is 
compact ;  the  other  half  is  crowded  with  small  amygdules.  Some  of  them  are 
round,  but  others  are  somewhat  elongated,  the  longest  axes  being,  more  or  less,  in 
the  same  general  direction. 

M. — The  ground  mass  is  composed  of  a  grannlar  crystalline  material  which  is 
greenish  white  in  reflected  light.  In  transmitted  light  it  is  translucent  rather 
than  transparent,  and  is  of  a  dall  whitish  or  yellowish  green.  It  is  not  dichroic 
and  between  crossed  nicols  it  polarises  in  a  dull  patchy  way.  It  is  probably  a 
transitional  form  between  hornblende  and  epidote.  In  this  ground-mass  power- 
fully dichroic  crystals  of  hornblende  are  embedded.  Epidote  is  also  abundant. 
A  little  free  quartz  is  present  here  and  there,  but  I  have  not  observed  any  felspar. 

The  amygdules  are  composed  of  quartz,  epidote,  and  calcite. 

A  little  magnetite  is  sprinkled  about  in  the  slice.    The  free  quartz  in  the 
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gronnd-mass  contains  a  few  liquid  cavities  with  moveable  bubbles,  but  there  are 
the  amygdnles. 

No.  7.— Sp.  G.  2-93. 
No.  8.— Sp.  G.  2-94. 
No.  9.— Sp.  G.  2-93. 
No.  10.— Sp.  G.  3-00. 
No.  11.— Sp.  G.  2-89. 
No.  12.— Sp.  G.  3-03. 
No.  13.— Sp.  G.  2-93. 

All  these  specimens  (7 — 13)  are  of  dark-grey  colour,  with  a  slight  inclination 
to  a  dull  green  tint.  Nos.  8  and  9  are  somewhat  fissile,  and  have  a  feeble  mica- 
ceous glaze  on  the  splitting  surface.  All  are  compact,  but  with  the  aid  of  a  lens 
micro-prisms  of  hornblende  can  be  made  out  in  most  of  them,  and  No.  12  seems 
to  be  almost  made  up  of  prisms  of  this  mineral.  With  a  lens  the  quartz  and 
felspar  can  be  distinguished  from  the  hornblende  in  Nos.  9,  10,  and  11 ;  wliilst 
No.  11  is  seen  to  have  a  fine  foliated  structure. 

The  specimens  7  to  13  may  be  divided  into  two  classes ;  namely,  those  in 
which  the  ground  mass  consists  wholly,  or  principally  of  quartz  (9,  11  and 
12)  ;  and  those  in  which  it  consists  nearly  wholly  of  felspar,  as  in  Nos.  8  and  13 
in  which  there  is  no  quartz.  No.  7  occupies  an  intermediate  position  between 
the  two  classes. 

Epidote  is  present  in  Nos.  8,  9,  10  and  11 :  it  is  usually  quite  colourless  in 
transmitted  light.  Magnetite  is  present  in  all  slices  except  those  of  Nos.  7  and  8, 
in  which  ferrite  takes  its  place. 

The  felspar  in  Nos.  7,  8,  10,  and  13,  is,  for  the  most  part,  visibly  triclinic  and 
none  of  it  can  be  recognised  as  orthoclase. 

The  quartz,  in  these  slices,  is  in  micro-grains,  and  in  No.  12  the  latter  exhibit 
a  tendency  to  assume  crystallographic  outlines. 

The  dichroism  of  the  hornblende  is  very  brilliant  and  axial  sections  exhibit 
the  cross  cleavage  well.  In  No,  12  the  prisms  present  in  some  cases  very 
regular  outlines.  In  all  these  slices  microliths  of  hornblende  are  abundant  in  the 
ground-mass. 

I  have  not  observed  any  liquid  cavities  with  bubbles  in  these  slices,  except  in 
some  of  the  epidote  of  No.  11,  in  which  they  are  rather  numerous. 

Narkanda  quartz-diorite, 

Nos.  14  and  15. — Sp.  G.  295.  From  an  outcrop  on  the  road,  about  3  miles 
on  the  Mattiana  side  of  Narkanda,  noted  by  Mr.  Medlicott  in  his  Memoir  "  On 
the  Oeological  structure  and  relations  of  the  sovJthern  portion  of  the  Himalayan 
range  between  the  Bivers   Ganges  and  Bavee,'*     Memoirs,   Geological   Sorvey, 

Vol.  Ill,  p.  40. 

M. — This  rock  is  composed  of  hornblende,  mica,  triclinic  felspar,  and  a  little 
quartz.  Magnetite,  ferrite,  and  a  little  calcite  are  also  present.  Judging  from 
the  absence  of  dichroism,  and  from  the  angle  of  extinction,  one  of  the  slices  appears 
to  contain  some  augite  which  seems  to  have  escaped  conversion  into  hornblende. 
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1  bare  not  obaerved  any  liquid  cavities  with  moving  bubbles,  but  some 
portions  of  the  hornblende  are  full  of  gas  cavities  and  inclusions  that  follow  two 
directions  of  cleavage.  Liquid  cavities  with  bubbles,  full  of  air  or  gas,  are  also 
present  in  the  hornblende.  Many  of  the  microliths  present  in  the  slice  are 
cracked  and  contain  fixed  bubbles.  The  appearance  of  the  slice  is  that  of  an 
intrusive  rather  than  that  of  a  contemporaneous  igpeous  rock,  and  seems  to  be  a 
normal  quartz-diorite. 

Between  Bampur  and  Oaora, 

No.  16.— Sp.  Q.  2*96.  A  very  fine-grained  speckled  hornblende  rock,  in  white 
quartzite,  on  the  ascent  from  Bampur  to  Gaora.  The  hand  specimen  exhibits  an 
incipient  foliation.  At  first  si^t,  from  the  mode  of  outcrop  the  rock  appears  to 
be  intrusive  in  the  quartzite,  but  on  a  careful  examination  of  the  outcrop  on  the 
occasion  of  my  last  visit,  I  failed  to  obtain  any  actual  evidence  of  intimsion. 

M. — The  ground-mass  consists  of  granular  quartz.  Hornblende  is  abundant. 
The  slice  also  contains  a  little  epidote,  colourless  in  transmitted  light,  and  some 
niicro-gamets.  No  liquid  cavities  could  be  discovered.  The  sUce  contains  no 
felspar,  and  magnidte  is  replaced  by  ferrite. 

No.  17. — Sp.  G.  2*96.    A  beautifully  crystalline  diorite. 

No.  18. — Sp.  G.  2'96.  A  closely  similar  rock.  It  differs  from  No.  17  only 
in  the  felspathio  element  not  being  quite  so  prominent. 

Both  specimens  are  highly  crystalline  rocks  ;  the  minute  prisms  of  hornblende 
set  in  a  white  matrix  being  visible  ta  the  unaided  eye.  The  hornblende  radiates 
in  all  directions,  and  there  is  not  the  slightest  approximation  to  parallelism  in  the 
arrangement  of  the  constituent  minerals.  These  specimens  appear  to  belong  to 
the  same  type  of  rock  as  No.  4 ;  there  seems  be  an  advance  in  crystallization — that 
is  all. 

M. — The  hornblende  is  in  massive  prisms,  most  of  which  are  twinned.  When 
seen  in  section  they  are  six-sided,  and  exhibit  the  prismatic  cleavages  well.  The 
hornblende  is  also  present  in  the  form  of  micro-prisms  and  crystals. 

The  other  constituents  of  the  rock  are  felspar,  quartz,  magnetite,  and  mica. 
Some  of  the  felspar  is  visibly  triclinic :  the  mica  is  not  abundant,  and  the  quartz 
is  subordinate  to  the  felspar. 

The  rock  contains  air  or  gas  inclusions,  and  some  liquid  cavities  with  fixed 
babbles.  Microliths  with  fixei  bubbles  and  elongated  shrinkage  cavities  are  also 
present.  The  bubbles  in  the  liquid  cavities  are  large  compared  with  the  size  of 
the  cavities  enclosing  them.  There  are  some  colourless  microliths  that  may  be 
apatite. 

The  aspect  of  the  rock  under  the  microscope  is  that  of  an  eruptive  one. 

It  is  apparently  the  same  rock  as  No.  4,  but  of  more  granitic  structure,  being 
almost  completely  holocrystalline.  The  sphene  of  No.  4»  is  not  present  in  very 
thin  slices  of  Nos.  17  or  18,  but  appears  in  the  specimen  next  to  be  described. 

No.  19. — Sp.  G.  3*04.  A  dense,  fine-grained  hornblende  rock,  speckled  with 
minute  white  specks. 

M. — This  specimen  so  closely  resembles  No.  17  in  microscopic  structure  that  a 
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separate  description  is  tumecessary.  It  contains  what  appears  to  be  spliene.  It 
is  more  translucent  than  titanite  nsuall j  is,  and  it  is  granular  in  structare,  pre- 
senting none  of  the  characteristic  forms  of  sphene ;  on  the  other  hand  its  optical 
characters  agree  preoisely  with  those  of  sphene;  its  dichroism  and  powerfni 
double  refraction  being  very  characteristic.  Every  piece  of  sphene  in  the  slice 
(and  they  are  numerous)  contains  very  many  irregularly  shaped  fragments  of 
ihnenite,  or  magnetite,  probably  the  former. 

No.  20. — Sp.  G.  2*99.  This  specimen  is  made  up  of  hornblende,  mica,  and 
quartz.  Ilmenite,  or  magnetite,  is  also  present,  apparently  the  former.  It  is 
associated  with  sphene  as  in  No.  19.  The  hornblende  is  much  corroded  and  eaten 
into  by  granular  matter  and  minute  grains  of  quartz.  Microliths,  some  of  wliicli 
are  of  mica,  contain  fixed  bubbles,  and  many  of  them  enclose  a  plurality  of  them. 
The  slice^does  not  contain  any  liquid  cavities  with  moving  bubbles. 


Between  Oaora  and  Sarhan, 

No.  21. — Hornblende  rock.  Sp.  Q-.  3'03.  The  hornblende  is  of  the  same 
character  as  that  of  the  specimens  already  described.  The  ground-mass  is  com- 
posed of  a  mixture  of  quartz  and  triclinic  felspar.  The  slice  contains  numerons 
small,  well-crystallized  garnets,  some  ^schorl,  magnetite,  haematite,  and  a  little 
mica.  I  have  not  detected  any  liquid  cavities  with  moving  bubbles,  but  some  of 
the  microliths  contain  internal  cavities.  The  hornblende  encloses  numerons 
micro-inclusioDS  which  contain  fixed  bubbles.  A  quartz  grain  sliced  at  right 
angles  to  the  optie  axis,  contains  an  oval-shaped  inclusion  of  glass  with  a  large 
oval-shaped  fixed  cavity  at  one  side  of  it.  The  inclusion  appears  to  be  of  glass, 
for  it  is  almost  invisible  in  reflected  light,  whilst  when  tested  with,  and  without, 
the  quartz  plate,  in  transmitted  polarised  light,  it  is  quite  inert. 

No.  22. — Sp.  G.  2'90.  From  a  bed  in  mica  schist  close  to  the  locality  from 
which  No.  21  was  taken. 

This  is  a  distinctly  foliated,  fine-grained,  hornblende  schist.  The  weathered 
surface  is  micaceous. 

M. There  is  a  perfect  parallelism  in  the  arrangement  of  the  hornblende, 

with  lines  of  finely  .granular  quartz  between  the  strings  of  hornblende  prisms. 
The  latter  are  not  in  continuous  straight  lines,  but  merge  with  each  other  here 
and  there  like  the  meshes  of  a  net.  Felspar  is  very  sparse.  The  hornblende  is 
in  acicular  prisms,  and  is  rarely  massive.  I  have  observed  no  liquid  cavities  with 
bubbles.     This  is  a  very  metamorphic-looking  rock. 

No.  23. — Sp.  G.  3*04.  A  very  fine-grained  rock,  apparently  intrusive  in  the 
schists,  on  the  road  side  2  or  3  miles  south  of  Sarhan. 

M. ^Under  the  microscope  a  parallelism  is  observable  in  the  arrangement  of 

the  minerals.  The  slice  is  composed  of  hornblende  in  bladed  prisms,  and  quarts, 
the  grains  of  which  show  sharp  crystallographic  outlines.  A  considerable  amount 
of  magnetite,  in  strings  in  the  hornblende,  and  some  ferrite,  are  present.  There 
are  no  liquid  cavities  with  moving  bubbles,  and  the  rock  presents  no  special 
features.  I  only  detected  one  piece  of  felspar  in  the  slice,  and  this  gave  no  indi- 
cation of  twinning. 
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Between  Sarhan  and  Taranda. 

No.  24. — Hornblende  rock.  In  this  specimen  the  hornblende  predominates 
largely  over  the  quartz.  There  is  a  present  tendency  to  hexagonal  outlines  in 
the  grains  o£  the  latter  mineral.  A  little  triclinic  felspar  is  present.  The  slice 
contains  microscopic  garnets,  but  they  are  not  numerous.  Liquid  cavities  with 
movable  bubbles  are  present  in  the  quartz,  but  they  are  sparse.  A  few  microliths 
contain  vacuoles  or  shrinkage  cavities.    Some  magnetite  is  also  present. 

No.  25. — ^Hornblende  rock  opposite  Pawanda  in  contact  with  a  dyke  of  gnoiss- 
ose  granite.     The  specimen  was  taken  from  the  contact  edge. 

M. — Half  the  hand  specimen  has  been  converted  into  mica ;  the  mica  appear- 
ing along  the  line  of  contact  between  the  hornblende  rock  and  the  gneissose 
granite.  Under  the  microscope  the  hornblende,  along  a  line  parallel  to  the  mica, 
has  quite  lost  its  colour ;  patches  of  green  colouring  matter,  however,  being  left 
here  and  there  in  the  colourless  prisms.  All  the  liomblende  at  the  outer  side  of 
the  slice  is  deeply  coloured,  varying  from  a  yellow  to  a  blue  green.  The  coloured 
portions  are  powerfully  dichroic,  and  the  cross  cleavage  is  typically  exhibited  m 
both  the  coloured  and  colourless  hornblende. 

There  is  a  decided  parallelism  in  the  arrangement  of  the  materials.  The 
hornblende  prisms  are  set  in  felspar  and  quartz,  the  former  probably  predomi- 
nating. Much  of  the  felspar  is  visibly  triclinic.  The  slice  contains  magnetite 
and  some  garnets. 

There  are  numerous  microliths  which  contain  cavities  and  inclusions.  There 
are  a  few  liquid  cavities  with  fixed  bubbles. 

No.  26. — ^Hornblende  rock.  The  hand  specimen  was  taken  from  the  out- 
crop on  the  accent  to  Taranda,  from  the  stream  at  the  102nd  mile  from  Simla, 
Sp.  G.  2*94.     In  one  place  the  outcrop  is  distinctly  fluted, 

M. — The  hornblende  is  very  perfect ;  dichroism  is  intense,  and  the  prismatic 
cleavage  is  well-marked.  The  felspar,  much  of  which  is  visibly  triclinic,  pre- 
ponderates, I  think,  over  the  quartz ;  but  in  this,  and  the  other  Sutlej  valley 
specimens,  it  is  extremely  difficult  to  discriminate  between  the  quartz  and  fel- 
spar  when  the  twin  lamellae  of  the  latter  are  not  visible ;  the  felspar  is  very  glassy,' 
and  in  external  outline,  and  in  its  appearance  under  the  polariscope,  it  does  not 
sensibly  differ  from  the  quartz.  The  minute  size  of  the  grains  adds  much  to 
the  difficulty.  A  close  examination,  however,  with  sufficiently  high  powers,  will 
often  bring  cleavage  lines  to  light,  which  enables  one  to  discriminate  between  the 
two  minerals. 

Liquid  cavities  with  bubbles  are  present,  and  gas  inclusions,  some  of  which 
appear  to  have  deposited  mineral  matter  on  cooling,  are  somewhat  abundant. 
Microliths  containing  vacuoles  are  numerous;  one,  apparently  of  hornblende, 
contains  four  rounded  vacuum  bubbles  of  different  sizes,  whilst  in  some  others 
they  are  specially  abundant.    There  are  some  micro-garnets. 

I^o.  27. — Sp.  Q.  2'98.  A  very  fine-grained,  almost  compact,  hornblende  rock, 
from  a  dyke  in  front  of  Pawanda,  on  the  road-side,  106  miles  from  Simla,  that 
has  apparently  intruded  through  the  centre  of  a  dyke  of  the  gneissose  g^ranite. 

M. — The  slice  examined  is  composed  of  hornblende  and  quartz,  principally  the 
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former.  The  quartz  is  in  minnte,  well-crystallized  grains,  and  there  is  no  paraUelism 
in  the  airangement  ot  the  constituent  minerals.  A.  little  triclinic  felspar  is  mixed 
np  with  the  qnartz,  and  the  slice  also  contains  a  little  mica,  magnetite  and  ferrite. 

Some  liquid  lacunad,  with  fixed  babbles,  large  in  proportion  to  the  cayitiea,  ara 
to  be  observed  in  the  quartz.  Gas  bubbles  and  irregularly  shaped  gas  inclnsioiiB 
are  common  in  both  the  quartz  and  hornblende.  The  latter  also  contains  nomer. 
ouB  other  inclusions,  most  of  which  appear  to  be  filled  with  ''  stony  "  material, 
and  contain  round  and  fixed  bubbles — often  a  plurality  of  them.  These  bubbles 
do  not  hold  either  air  or  gas,  and  seem  to  be  shrinkage  cavities.  One  cavity 
contained  a  large  gas  bubble  combined  with  liquid  or  "  stony  "  matter.  Other 
stone  cavities  have  internal  deposits  of  a  dark  mineral,  which,  in  general,  has 
formed  along  their  inner  borders. 

No  28. — A  quartzose  mica  diorite. — The  hand  specimen  was  taken  from  the 
banks  of  the  Sutlej  Nachar,  near  the  hot  springs.     Sp.  G.  2*84. 

There  are  numerous  veins  of  intrusive  granite  in  this  locality  ;  one  of  them 
on  the  right  bank  has  cut  through  the  hornblende  rock  aud  converted  it  into  a  mica 
trap.  This  specimen  is  a  crystalline  granular  mixture  of  biotite,  hornblende, 
felspar,  and  quartz.     No  parallelism  of  structure  is  visible. 

M.— Hornblende  is  extremely  subordinate  to  biotite  and  quartz  to  felspar :  the 
latter  is  very  hyaline,  and  most  of  it  is  visibly  triclinic.  The  biotite  and  horn- 
blende together  about  equal  the  felspar.  Micro-sphenes  are  very  numerous,  and 
the  slice  contains  a  little  magnetite. 

Liquid  cavities  with  moveable  and  fixed  bubbles  are  abundant ;  the  bubbles 
are  large,  and  cover  about  half  the  area  of  the  cavities. 

Microliths  are  extremely  numerous ;  some  are  cracked,  and  many  of  them 
contain  round  and  elongated  vacuoles.  Some  contain  a  plurality  of  them.  The 
slice  contains  liquid  cavities  with  gas  bubbles,  the  bubbles  occupying  above 
three  fourths  of  each  cavity.  The  whole  aspect  of  the  rock  is  that  of  one  of  the 
igneous  class. 

No.  29.— Hornblende  rpck,  Wangtu.  Sp.  G-.  302.  The  rock  at  Wangtu  is 
very  fine-grained,  and  shows  distinct  parallelism  of  structure  when  examined  with 

a  lens. 

The  hornblende  is  very  green  in  transmitted  light,  and  is  powerfully  dichroic. 
The  mineral  next  in  abundance  is  quartz.  There  is  a  little  triclinic  felspar  pre- 
sent and  multitudes  of  micro-sphenes. 

The  quartz  is  moulded  on  to  the  hornblende ;  liquid  cavities  with  moveable 
bubbles  are  present,  but  they  are  not  numerous.     Gas  cavities  are  also  present. 

The  Wangtu  specimens  contain  microliths  with  shrinkage  cracks  and  vacuoles. 

No.  30. — Hornblende  rock.  Between  Wangtu  and  Chigaon.  Sp.  G.  3*02. 
This  appears  to  be  the  same  bed  as  that  seen  at  Wangtu,  but  it  has  here  become 
a  fine-grained  mixture  of  biotite,  hornblende,  quartz,  and  felspar ;  the  biotite  and 
hornblende  being  about  equal  in  amount. 

The  hornblende  is  so  black  and  lustrous,  and  the  grain  is  so  small,  that  it 
would  require  a  very  sharp  eye  and  a  good  pocket  lens  to  detect  the  change  in 
the  rock.  It  still  exhibits  a  fine  but  decided  foliation.  A  few  micro-gameta 
appear  to  be  present. 
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I 

Under  the  microscope  the  rock  is  seen  to  be  perfectly  crystalline.  Aficroliths 
abound,  many  of  them  being  of  hornblende  ;  and  a  large  number  of  them  contain 
shiinkage  cracks  and  vacuoles.  Liquid  cavities  with  moveable  bubbles  are  pre. 
sent,  but  sparse. 

No.  31. — Hornblende  rock.  This  specimen  was  taken  from  the  same  locality 
as  No.  30,  close  to  a  small  granite  dyke  that  cuts  across  the  bed.  As  compared 
with  the  last  specimen,  quartz  has  dwindled  into  comparative  insignificance;  and 
felspar,  nearly  all  of  which  is  visibly  triclinic,  predominates  largely  over  it. 

The  slice  contains  liquid  cavities  with  moving  bubbles,  and  inclusions  with 
mineral  deposits  and  fixed  bubbles.  Magnetite  or  ilmenite  is  present  in  some 
abundance. 


Part  III. 


Bbuasks  on  thb  Characteb  of  this  Bocks  dbscribed  in  thb  fbbceding  pabts, 

AND   on   thb   StRATIQBAPHT   OF  THB  REOTON. 

Amongst  the  trap  south  of  the  town  of  Bampur,  amygdaloidal  specimens  are 
not  uncommon ;  the  homblendic  trap  is  intercalated  with  slaty  beds,  and  about 
the  middle  of  the  series  three  bands  of  quartzites  occur  separated  by  beds  of 
slate. 

The  amygdaloidal  character  of  some  of  these  traps  seems  to  point  decidedly  to 
a  volcanic  origin,  and  I  see  no  reason  to  class  them  with  the  plutonic  rocks. 
They  crop  out  very  nearly  on  the  horizon  occupied  by  the  basic  volcanic  series  of 
the  Dalhousie  area,  and  their  position  agrees  well  with  that  of  the  Kashmir 
traps,  which  occasionally  pass  up  into  the  lower  carboniferous  series. 

The  Bampur  traps  differ  from  those  south  and  north-west  of  Dalhousie, 
inasmuch  as  the  amphibole  element  takes  a  decided  place  in  them ;  but  I  have 
pointed  out  in  my  last  paper  that  the  Hulh  and  Sao  traps,  to  the  north-east  of 
Dalhousie,  show  a  decided  tendency  to  become  homblendic. 

It  may  be  that  the  volcanic  rocks,  in  their  extension  into  the  Bampur  area^ 
underwent  a  change  of  type.  I  have,  in  my  last  paper,  given  my  reasons  for 
believing  that  the  view  adopted  by  Mr.  Lydekker  in  his  Memoir  on  Kashmir  is 
correct,  and  that  the  ancient  lavas  of  the  North- Western  Himalayas  were  not 
fissure  eruptions,  but  were  emitted  by  volcanoes  dotted  over  the  then  surface  of  the 
country.  That  being  the  case,  there  would  be  nothing  surprising  in  the  fact  that 
volcanic  activity  extended  over  a  considerable  period  in  time,  or  that  the  lavas 
which  issued  from  the  different  volcanic  centres  differed  from  each  other  consider^ 
ably  in  type.  That  the  latter  was  really  the  case  will,  I  think,  be  clearly  seen  if 
we  compare  the  results  of  the  microscopic  study  of  the  traps  south  of  Dalhousie  ^ 
with  those  north  of  Bhandal,  and  with  those  at  Hulh  and  Sao.* 

I  am  disposed,  however,  to  attribute  the  homblendic  character  of  the  Bampur 
traps  to  another  cause,  namely,  to  metamorphic  action. 

^  Bee.  Geol.  Surv.,  Vol.  XVI,  p.  17a 
'  See  in  mj  last  paper. 
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The  amjgdaloidal  character  of  some  of  the  Rampnr  traps  south  of  the  town 
indicates  that  these  traps  are  tme  lavas  ;  whilst  it  is  clear  to  me  that  the  rocks 
at  Rampnr,  immediately  north  of  the  town,  belong  to  the  same  series  as  the  traps 
on  the  south  of  the  town.  The  high  specific  gravity  of  the  hand  specimens  from 
both  the  north  and  the  south  of  the  town,  on  the  other  hand,  seem  to  indicatie 
that-  their  affinities  are  with  the  basic  lavas  rather  than  with  the  homblende- 
andesites. 

Augite,  as  is  well  known  to  mineralogists  now-a-days,  is  not  a  stable  mineral ; 
but  on  the  contrary  it  exhib  its  a  strong  tendency  to  set  up  molecular  changes,  in 
the  presence  of  metamorphic  action,  that  result  in  its  settling  down  into  the  more 
stable  form  of  hornblende. 

An  interesting  resume  of  the  evidence  bearing  on  this  point  has  recently  been 
published  in  the  American  Journal  of  Soience^^  and  it  will  be  sufficient  to  refer  to 
that  article,  and  to  the  authorities  quoted  therein,  as  a  guide  to  any  one  who 
wishes  to  pursue  the  investigation.  The  papers  of  Mr.  J.  A.  Phillips  (Q.  J.  G.  S., 
XXXII,  p.  155,  and  XXXIV,  p.  471)  in  which  the  change  of  augito  into  horn- 
blende is  proved,  ieuid  certain  *'  greenstones  "  are  shown  to  be  altered  doleritic 
lavas,  may  also  be  referred  to. 

"  Jukes  long  ago,"  Mr.  WillianoLS  writes,'  "  suggested  that  many  areas  of 
hornblende  rocks  might  be  accounted  for  by  the  alteration  of  old  lavas,  and  this 
seems  now  to  be  fast  gaining  ground. "  Hornblende  schists,  in  particular,  have, 
it  has  at  difterent  times  been  suggested,  resulted  from  the  alteration  of  basaltic 
tufE.» 

"  Quite  recently,"  to  quote  again  from  Mr.  Williams*  paper,  "  the  possible 
widespread  geological  importance  of  the  paramorphosis  of  pyroxene  to  amphi- 
bole  in  accounting  for  the  existence  of  many  areas  of  homblendic  rocks  by  the 
alteration  of  other  rocks,  originally  augite,  has  attracted  much  attention.  This 
change  has  been  carefully  followed  in  Norway,  Austria,  Saxony,  and  several 
other  European  localities,  as  well  as  on  this  continent  in  New  Hampshire, 
Wisconsin,  and  in  the  region  about  Baltimore." 

One  remark  made  by  Mr.  Williams  has  an  especially  important  bearing  on  the 
inquiry  into  the  origin  of  the  Sutlej  valley  hornblende  schists,  namely,  "  In  the 
great  g^bbro  area,  west  of  Baltimore,  the  massive  diallage  and  hypersthene  rocks 
occur  everywhere  imbedded  in,  and  passing  by  gradual  transitions  into  more  or 
less  schistose  omphibolites,  which  differ  from  them  mineralogically  only  in  the 
crystalline  form  of  the  bisilicate  constituent.  These  amphibolites  have,  through- 
out the  whole  area,  a  nearly  parallel  strike  and  dip,  and  many  other  facts,  which 
cannot  here  be  enumerated,  indicate  that  their  schistose  structure  is  like  slaly 
cleavage,  the  result  of  lateral  pressure.  That  the  amphibolites  have  resulted  from 
the  paramorphosis  of  the  pyroxene  in  the  gabbros  is  abundantly  proven  both  by 
microscopic  study  and  their  relations  in  the  field,  and  the  fact  is  very  significant 
that  throughout  the  area^  as  a  rule  [the  italics  are  in  the  original  paper],  ih» 

1  On  the  Paramorphosis  of  Pyroxene  to  Hornblende  in  rooks ;  by  Geo.  H.  WiUtaou,  Vol. 
XXVni,  p.  269  (Oct.  1884). 

*  See  also  Geikie's  Text-Boole  of  Geology,  p.  121. 

*  For  inttMDce  see  Qunr.  Jour.  GeoL  Sur,,  Vol.  XXXIX,  p.  19. 


PART  1.]  McMahon  :  Seciion/rom  Simla  to  Wangtu.  81 

tchistose  structure  m  developed  in  proportion  to  the  completeness  of  the  j^dramor- 
phosisy 

I  note  in  passing  that  one  of  my  hand  specimens  from  the  north  side  of  the 
town  of  Rampur  exhibits  a  distinct  parallelism  of  structure,  whilst  some  beds  might 
be  callen  hornblende  slates  as  their  fissile  character  is  well  marked.  The  latter, 
I  think,  are  probably  altered  ash  beds. 

The  view  that  the  hornblendic  character  of  the  Rampur  traps  is  due  to  meta- 
morphism,  is  favoured,  not  only  by  the  general  considerations  indicated  above,  but 
by  tho  fact  that  whilst  observations  in  the  field  showed  the  rock  series  to  the  north 
of  the  town  to  be  a  mere  repetition  of  that  seen  on  the  south  of  the  town,  the 
metamorphism  of  the  northern  wing  of  the  syncline — that  nearest  to  the  main 
axis  of  granitic  eruption  and  metamorphic  action — is  more  advanced  than  that  of 
the  southern  wing  ;  the  beds  of  which  the  former  are  composed  looking  more  like 
hornblende  rocks,  and  less  like  lavas,  than  those  which  compose  the  southern 
wing. 

Another  consideration  is,  if  the  rocks  are  not  altered  lavas,  what  are  they  ? 
The  amygdaloids  of  the  southern  wing  seem  to  shut  out  the  supposition  of  their 
being  either  metamorphosed  sedimentary  beds  or  plutonic  eruptive  rocks.  The 
Rampur  rocks  occur,  it  seems  to  me,  on  the  horizon  of  the  volcanic  series  of 
Kashmir  and  Dalhousie,  and  I  think  they  must  belong  to  that  series. 

The  view  was  adopted  in  the  Manual  of  the  Geology  of  India^  that  the  traps 
of  the  Bids  and  Sutlej  vallejs  were  intrusive  and  connected  with  the  "extreme 
crushing  and  disturbance  the  slates  and  limestone  have  undergone  in  those 
positions."  My  microscopic  study  of  the  Bifis  valley  traps  exposed  at  Darang 
and  Mandi,'  has  shown  that  the  rocks  at  both  those  places  are  altered  basalts 
resemblmg  those  south  of  Dalhousie.  The  traps  at  Suni  in  the  bed  of  Sutlej 
are  very  much  altered  by  aqueous  agencies — a  fact  probably  connected  with  the 
presence  of  hot  springs  in  that  locality  ;  but  the  appearance  of  these  traps,  in  the 
field  and  under  the  microscope,  leads  me  to  c]ass  them  with  the  lavas  of  the 
Dalhousie  and  Kashmir  areas.  My  reasons  for  claiming  the  traps  of  Rampur 
as  altered  lavas  have  been  given  in  the  preceding  pages. 

In  the  Dalhousie  area  the  lavas  come  in  above  the  upper  silurian  conglo- 
merate and  below  the  carbo-triassic  series,  as  is  well  seen  in  the  neighbourhood  of 
Bhandal,  Hulh,  Sao,  and  Aulansa,  the  details  of  which  outcrops  were  given  in 
my  last  paper.  The  traps  under  discussion  appear  to  occupy  a  similar  position  in 
the  valleys  of  the  Bids  and  Sutlej,  with  the  exception,  as  we  have  seen,  that  at 
Rampur  they  extend  into  the  lower  carboniferous  series.  They  do  not  occur 
either  in  the  Simla  or  in  the  Dalhousie  area  in  the  great  series  of  carbo-triassic 
limestones,  but  they  often  touch,  and  are  never  far  from  those  limestones  in  the 
Dalhousie  area,  and  they  appear  to  occupy  a  similar  position  at'  Darang  and 
Mundi ;  at  the  Gairu  mountain  '  on  the  north  of  the  Sutlej ;  and  at  Suni ;  *  whilst 
they  succeed  the  infra- Krol  slates  and  the  Krol  quartzite  at  Rampur. 

*  Manual.  Geol.  Sur.,  p.  606. 

»  Records,  (Seol.  Sur.,  Vol.  XV,  p.  J  56. 

•  Memoirs,  Geol.  Sur.,  Vol.  Ill,  p.  50. 
«  .Memoirs,  Vol.  Ill,  p.  43. 
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The  contortions  and  disturbance  which  the  rocks  have  nndei^ne  in  the  areas 
alluded  to,  appear  to  have  affected  the  trap  as  well  as  the  adjoining  rocks,  for  we 
read  of  the  occurrence,  under  Gairu,  of  "  dark  shaly  slates  with  much  trap  rock 
similarly  disturbed  ; "  ^  and  moreover  it  is  evident  that  in  the  great  tangential 
squeezing  to  which  the  Himalayas  have  been  subjected,  comparatively  soft  rocks 
in  contact  with  intensely  hard  ones  would  fare  the  worst,  and  exhibit  the  most 
evidence  of  contortion.  If  the  slates  in  contact  with  the  trap  therefore  are  in  any 
of  those  localities  more  disturbed  than  the  latter,  it  does  not  follow  that  the  trap 
has  welled  up  from  below  through  the  broken,  rocks. 

I  must  not  be  understood,  by  the  above  remarks,  to  deny  the  existence  of 
plutonic  eruptive  rocks,  basic  or  other,  in  the  Sutlej  and  Bi£s  valleys ;  indeed 
the  present  paper  goes  to  prove  the  existence  of  such  rocks  in  a  part  of  the  Sutlej 
valley;  but  I  think  it  important  that  the  volcanic  character  of  the  traps  at 
Darangy  Mandi,  Suni  and  Rampur  should  be  recognised ;  and  I  suggest  the 
probabiliiy  of  the  traps  at  Gairu  and  Bihul  belonging  to  this  series,  because  I 
think,  in  the  absence  of  fossils,  the  infra-carboniferous  volcanic  series,  and  the 
upper  ^ilurian  conglomerate,  constitute  geological  horizons  which  wiU  afford 
us  important  aid  in  unravelling  the  geology  of  the  unfossiliferous  parts  of  the 
Himalayas.  When  we  find  trap,  cropping  out  side-by-side  with  the  conglomerate, 
with  no  actual  evidence  of  intrusion,  the  probability  seems  to  me  g^^eat,  that  the 
trap  will,  upon  a  careful  investigation,  prove  to  belong  to  the  infra-carboniferous 
volcanic  series. 

Mr.  Bridges  Lee,  of  the  Lahore  Bar,  who  has  travelled  much  in  Kashmir, 
Zanskar,  and  other  parts  of  the  North- West  Himalayas,  and  who,  I  trusty  will 
some  day  give  us  the  benefit  of  his  observations,  informs  me  that  in  all  places 
visited  by  him,  the  volcanic  series  invariably  come  in  above  the  upper  Silurian 
conglomerates,  and  below  the  carbo-triassic  limestones.  They  afford  the  geologist, 
therefore,  a  definite  horizon  of  much  value. 

In  connection  with  the  subject  of  the  traps  it  may  not  be  out  of  plaoe  to  refer 
again  to  the  metamorphism  of  the  Jako  beds  at  Simla.  This  has  (see  ante)  been 
referred  to  the  contact  action  of  acid  igneous  rocks  from  above  in  the  form  of 
laccolites ;  but  may  it  not  have  been  owing  to  the  overflow  of  beds  of  basic  lara 
connected  with  the  volcanic  activity  which  prevailed  in  this  region  between  the 
close  of  the  silurian  and  the  middle  of  the  carboniferous  period  P  The  schists  of 
Jako  are  believed  by  Mr.  Medlicott  to  be  the  representatives  of  the  "  shaly  slates 
of  Solun, — ^the  black  shales  at  the  base  of  the  Krol ;"  ■  that  is  to  say,  to  be  the 
representatives  of  the  black  infra-EJrol  shales  at  the  base  of  the  Krol  mountain. 
At  the  Krol,  they  immediately  follow  the  upper  silurian  (Blaini)  rocks,  and  are 
believed  to  be  of  lower  carboniferous  age.* 

Lavas  of  the  age  of  those  seen  at  Bampur  might  well,  therefore,  have  been 
poured  out  over  the  lower^  carboniferous  beds  of  Jako ;  and  this  explanation 
would  also  account  for  what  I  have  very  generally  observed  at  Simla^  Dalhouaie 

1  Memoirs,  Geol.  Sur.,  Vol.  Ill,  p.  50. 

*  Memoirs,  Geol.  Sur.,  Vol.  Ill,  p.  34. 

*  Memoirs,  Oeol.  Sur.,  Vol*  XXII,  p.  201,  compared  with  p.  161. 
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and  elflewHere;  namely,  that  the  dark  infra-Krol  rocks  have  vexy  often  a  strong 
micaceoiis  glaze  on  them  and  a  semi-metamorphic  aspect. 

The  supposition  that  these  beds  were  subjected  to  contact  metamorphism  from 
above  before  they  were  disturbed,  and  before  the  strata  were  thrown  into  their 
present  folds,  will  help  to  explain  difficulties  in  local  geology  which  might  other- 
wise prove  to  be  stumbling-blocks.  I  have  already  explained  (see  ante)  that 
tangential  pressure  cannot  be  urged,  in  the  case  of  the  Jako  beds,  to  explain  their 
metamorphism. 

I  pass  on  now  to  consider  the  case  of  the  amphibole  rocks  of  the  Sutlej 
valley.  The  hand  specimens  collected  higher  up  the  Sutlej  valley  than  Bampur, 
from  the  localities  described  in  Part  I  of  this  paper,  have  all,  superficially,  very 
much  the  same  general  aspect ;  they  are  very  fine-grained,  dense,  black-looking 
rocks ;  but  when  examined  with  the  aid  of  a  pocket  lens,  some  would  be  classed 
as  hornblende  rocks  and  some  as  hornblende  schists.  An  examination  of  thin 
slices  under  the  microscope  shows  that  some  of  these  rocks  have  the  composition 
of  quartz  diorites. 

All  the  specimens  examined  by  me  have  much  in  common  with  each  other ; 
they  consist  of  combinations  of  hornblende,  mica,  felspar,  and  quartz.  In  some 
slices  the  mica  disappears ;  in  some,  felspar  predominates  largely  over  the  quartz ; 
in  otliers,  the  felspar  is  very  sparse  and  quartz  largely  takes  its  place,  whilst  in 
some  the  felspar  wholly  disappears..  The  felspar  belongs  to  the  triclinio  system, 
and  it  is  a  peculiarly  glassy  hyaline  mineral. 

The  mere  abundance  of  quartz  in  some  specimens  does  not  seem  sufficient  to 
take  them  out  of  the  category  of  diorites.  Mr.  Butley,  in  his  Stvdy  of  Bochs^ 
remarks  that  "  a  very  large  number  of  diorites  are  quartziferous  ;"  and  Zirkel,  in 
bis  account  of  the  diorites  of  the  Fortieth  Parallel,  writes  that  '*  in  the  plagioclase 
rocks  the  presence  or  absence  of  quartz  is  not  of  so  much  importance  as  in  the 
orthoclase  series ;  in  the  former,  it  often  happens  that  the  same  deposition  is  in 
one  place  free  from,  in  another  poor,  and  again  rich  in  quartz — a  phenomenon 
which  does  not  occur  in  the  orthoclase  rocks."  ' 

In  rocks  that  have  been  subjected  to  metamorphic  action,  the  presence  of  quarts 
has  still  less  significance,  as  it  sometimes  results  from  the  decomposition  of  other 
minerals  such  as  augite  and  felspar.  Contact  with  granite,  also,  has  sometimes  a 
silicating  influence. 

The  presence  of  a  fine  foliation,  which  is  exhibited  by  many  of  the  Sutlej 
valley  specimens,  moreover,  is  no  proof  that  these  rocks  are  of  sedimentary  origin. 
Foliation  in  amphibole  rocks,  as  we  have  already  seen  (see  ante)^  is  often  the 
result  of  lateral  pressure.  Since  the  above  remarks  were  written  and  set  up  in 
type,  an  instance  of  the  metamorphosis  of  dolerite  into  hornblende-schist  has  been 
described  by  Mr.  J.  J.  H.  Teall,  TQ.  J.  G.  S.,  XLI,  p.  133)  ;  and  it  is  interesting  to 
note  that  he  also  (p.  138)  experienced  a  difficulty  in  discriminating  between  the 
quartz  and  felspar  of  the  converted  hornblende  schists  of  Scpurie,  similar  to 
that  which  I  experienced  in  the  case  of  Sutlej  valley  amphibolites,    A  similar 

1  2nd  Edition,  p.  242. 

'  Microscopic  Petrology,  p.  84. 
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difficulty  in  diAtingnishing  the  quartz  from  orthoclase  in  a  quartz-diorite  is  noted 
by  Fouqu6  and  Miohel  L€yy  in  their  Mineralogie  Microgrofphique^  Part  II,  Plate 
XXIV. 

I  have  already,  in  Part  I  of  this  paper,  made  allusion  to  Beveral  caaes  in 
which  the  fine-grained  foliated  amphibole  rpcks  of  the  Sutlej  valley  appear  as 
intruders  in  the  schists  and  in  the  gneissose  granite.  The  Wangtu  case  deserves, 
I  think,  some  further  comment.  A  sketch  of  this  example  is  given  at  figaie  1 
of  the  plate  attached  to  this  paper. 

This  dyke  extends  apparently  for  many  miles.  Above  the  junction  of  the 
Wangar  river,  there  is  only  one  dyke  ;  but  between  the  bridge  over  the  Sutlej  at 
Wangtu,  and  the  Wangar  river,  this  apparently  splits  up  into  two  parallel  dykes  ^ 
The  two  dykes  are  bisected  by  the  Wangar  river,  and  the  sketch  shows  their 
appearance  in  situ,  on  the  smoojbh  face  of  a  rock  composed  of  gneissose  granite, 
which  overhangs  the  river  on  the  right  bank  of  the  Wangar,  at  its  junction  with 
the  Sutlej. 

A  metamorphosed  sedimentary  rock  might  conceivably  be  squeezed  up  into 
a  crack  formed  by  a  rupture  of  the  granite  ;  but  this  explanation  is  not,  I  think, 
applicable  to  the  present  case.  The  foliation  of  the  hornblende  rock  runs  with 
the  dyke,  and  is  parallel  to  the '  bounding  walls  of  granite.  The  fine  lines  of 
hornblende  rock  (foliated  tonalite)  between  the  two  dykes,  penetrate  the  granite, 
diverge  from  each  other,  unite  again,  and  again  diverge,  and  terminate  in  tlie 
upper  tongue,  in  a  way  that  seems  to  indicate  unmistakably  that  the  amphiholite 
ate  its  way  into  the  granite  in  a  condition  of  igneous  fusion.  A  like  inference 
may  also,  I  think,  be  fairly  drawn  from  the  behaviour  of  the  two  tongues  which 
have  eaten  their  way  into  the  granite  at  right  angles  to  the  course  of  the  dyke 
from  which  they  emanated. 

At  figure  2  I  have  given  a  sketch  of  a  portion  of  what  seems  to  me  the  same 
dyke  which  occurs  higher  up  the  Sutlej,  in  the  strike  of  the  Wangar  dykes,  a  few 
miles  beyond  Wangtu.  The  sudden  way  the  dyke  changed  its  course  and  bulged 
out  at  the  elbow,  at  the  turning  point,  can  hardly  be  attributed  to  contortion. 
The  direction  of  the  lines  of  fine  foliation  is  indicated  by  the  arrows. 

When  examined  under  the  microscope,  the  quartz-diorites  and  amphibolites 
described  in  Part  II,  with  scarcely  an  exception,  exhibit  structural  characteristics 
which  show  that  they  have  been  subjected  to  great  heat  and  high  pressure. 
Taking  Nos.  18,  21,  26  and  27  as  examples,  I  find  that  they  contain  air  or  gas 
inclusions,  and  liquid  cavities  with  moveable  bubbles,  the  bubbles  being  large 
relative  to  the  area  of  the  cavities,  and  indicating  considerable  contraction  of 
the  liquid  on  cooling  and  consequently  a  previous  condition  of  great  heat.  They 
enclose  numerous  microliths  containing  fixed  bubbles,  and  elongated  shrinkage 
cavities,  and  microliths  that  have  cracked  on  oooling.  There  are  also  gaa  inclu- 
sions that  have  deposited  mineral  matter  on  cooling,  and  liquid  cavities  contain- 
ing gas  bubbles.     In  short,  these  slices  exhibit  structural  characters  consistent 

*  Tlic  dyke  crasBes  the  river  Sutlej  otliqnely,  nnd  then  strikes  ncrow  the  Wanptr  river  ind 
up  innrcofisible  cliffs.  It  is  pliysieally  impossible  to  follow  it.  Tlie  sRiue  dyke,  or  what  nppears 
U>  be  the  same  dyke,  renppeurs  several  times  higher  up  the  Sutlej  on  the  road  to  1{o(  i. 
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with  their  being   pi u tonic  eruptive  rocks-     I  see  no  reason,  on  the  whole,  why 
they  should  not  be  clashed  as  such. 

It  is  possible  that  some  of  the  more  metamorphic-looking  beds,  as  for  instance 
that  from  which  slice  No.  22  was  taken,  may  bo  highly  metamorphose^  asb,  or 
lava  beds,  of  ancient  geological  date;  and  that  those  of  ^ more  decided  eruptive 
type  m^j  be  old  lava  beds  melted  down  and  squeezed  into  a  new  place ;  but 
speculations  regarding  the  origin  of  the  latter  class  seem  to  be  out  of  place  ;  it  is 
enough  to  know  that,  even  if  they  had  the  origin  suggested,  they  must  now  be 
classed  as  eruptive  rocks. 

As-suming,  then,  that  the  dykes  of  amphibolite  in  the  gneissose  granite  are  of 
eruptive  origin,  it  would  seem  that  they  were  erupted  prior  to  the  complete 
Bolididcation  of  the  gneissose  granite,  and  consequently,  if  the  views  regarding 
the  age  of  the  latter  expressed  in  my  previous  papera  *  are  sound,  it  follows  that 
they  also  are  probably  of  tertiary  age.  At  Narcliar,  at  vVangtu,  and  between 
the  latter  place  and  Ohigaon,  the  amphibolite  or  foliated  diorite  dykes  cut 
through  all  the  varieties  of  the  gneissose  granite,  but  they  are  themselves  cut 
through  by  dykes  of  the  white  oligoclase  granite.  Sometimes  the  oligoclase 
white  granite  dykes  run  a  parallel  course  with  the  amphibolite  or  foliated 
diorite ;  sometimes  they  cut  straight  aoross  it  at  right  angles ;  whilst  at  other 
times  they  strike  up  to  it,  and  after  having  run  with  it  for  a  little  way,  pursue 
their  former  coarse. 

To  sum  up  my  observations  on  the  traps  and  hornblende  rocks ;  I  regard 
the  hornblendic  traps  at  Rampur  as  metamorphosed  lavas  of  lower  carboniferous 
age.  The  hornblende  rocks  and  quartz  diorites  at  Pichwara  may  be  either  in- 
tensely metamorphosed  lavas,  or  more  probably  eruptive  rocks  consolidated  at  no 
great  depth  below  the  surface ;  but  the  amphibolites  further  to  the  north  are  of 
decided  plutonic  character,  and  belong  to  the  feriod  of  granitic  eruption.  The 
uniformly  hornblendic  character  of  all  these  rocks  I  reg.ird  as  the  result  of  the 
great  metamorphic  action  to  which  they  have  all  been  subjected,  resulting  in  the 
conversion  of  the  pyroxene  of  basic  eruptive  rocks  into  hoi'n blende. 

It  may  be  as  well,  in  conclusion,  to  offer  a  few  remarks  oa  the  stratigraphy 
of  the  section  described  in  the  preceding  pages. 

At  Jutog,  and  on  Prospect  Hill  (Simla),  wo  have  the  limestones  of  the  carbo- 
triassic*  series  let  down  by  a  fault  against  the  Krol  quartzites  seen  at  Boileauganj. 
On  Jako  we  have  the  altered  beds  of  the  infra- Krol  (lower  carboniferous)  series. 
The  Blaini  (upper  silurian)  magnesian  lims tones  and  conglomerates  come  in  on 
the  flank  of  Jako,  at  the  Lakri  Bazar,  and  may  be  traced  a  far  as  the  Sanjoli 
Bazar.  They  are  succeeded,  on  the  road  to  Narkanda,  by  the  Simla  slates  (middle 
Silurians)  ;  but  an  anticlinal  flexure  brings  down  the  carbo- tri assies  again  between 
Fagu  and  Thiog.     The  limestones  of  this  series  are  seen  in  force  between  their 

»  Records,  XVI,  pp.  143,  191,  193. 

3  I  use  tbU  tenn  in  n  somewhat  VAgne  sense.  In  tho  M.-W.  Hininluyas  tlie  carbmiiferon^ 
limostonrs  np)>e;tr,  at  times,  to  run  into  the  triaxsio  S'Ties  without  a  break;  but  in  the  iibaence  of 
fos»ils  it  i«  often  impii^sihle  to  i*ay  wliether,  or  not,  in  nny  givi-n  oatcrcp,  the  iieries  is  complete. 
On  I'rospect  Hill«  for  instance,  wliat  remHins  of  these  limestones  are  probably  wholly  of  carboni- 
ferous age. 
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outcrop  on  the  F&g^-Thiog  road  and  the  Sh^li  peak.  The  thick  series  of  lime- 
Btones  seen  on  the  Shtii,  I  now  see  no  reason  to  donbt,  belong  to  the  carbo- 
triassio  series.  Between  the  Sh41i  and  Simla,  there  is  a  sndden  transition  from 
the  limestones  to  the  Simla  slates.  The  junction  is  probably  a  faulted  one,  and 
the  fault  apparently  extends  to  a  little  north  of  Fdgu,  for  though  the  Blaini  rocks 
are  seen  to  the  north  and  to  the  east  of  Thiog,  they  do  not  crop  out,  as  they 
onght  to  do,  on  the  road-side  between  F&gu  and  Thiog. 

North  of  Thiog  the  limestones  and  slate  rocks  of  the  Blaini  and  infra-Krol 
series  dip  under  massive  quartzites,  which  doubtless  represent  the  Krol  quartzite. 

A  little  beyond  Matti&na  schistose  calcareous  beds  come  in,  which  I  apprehend 
are  highly  altered  numbers  of  the  Krol  series.  Somewhere  between  these  beds 
and  Narkanda,  I  think  the  existence  of  a  fault  must  be  assumed.  Some  of  the 
beds  here  displayed  remind  me  very  much  of  the  mica  schists  of  Jako,  and  it 
seems  open  to  us  to  suppose  that  their  metamorphism  is  due  to  the  causes  which 
have  conduced  to  the  metamorphism  of  the  Jako  beds ;  but  near  Narkanda,  we 
come,  on  the  flank  of  Hattu,  to  beds  of  gneiss. 

The  microscopic  examination  of  the  Hattu  gneiss,  contrary  to  my  then 
expectations,  did  not  favour  the  hypothesis  that  this  rock  had  an  eruptive 
origin,^  and  I  see  no  reason  to  class  it  with  the  gneissose  granites. 

But  even  if  we  discard  the  gneiss  beds  from  consideration,  the  schists  exposed 
at  Narkanda,  on  the  road  to  Kotegarh,  are  mica  schists  of  an  extremely  pro- 
nounced type,  and  I  do  not  think  they  can  be  younger  than  of  lower  silurian  age. 

Assuming  their  age  to  be  that  here  assigned  to  them,  and  assuming  the 
existence  of  a  fault  between  Mattiina  and  Narkanda,  the  section  onwards  may 
be  described  as  follows.  At  Narkanda  the  oldest  rocks  are  found  at  the  point 
of  highest  altitude  ;  whilst  at  Rampur  we  have  the  younger  rocks  occupying  the 
valley  of  the  Sutlej.  The  dip  is  north-easterly;  and,  according  to  my  view,  the 
older  rocks  dip  under  younger  ones,  and  we  have  a  regular  sequence  of  rocks 
between  Narkanda  and  Eampur,  beginning  with  the  lower  Silurians  (or  ram- 
brians  P)  at  Narkanda,  and  ending,  at  Rampur,  with  the  volcanic  series  of  lower 
carboniferous  age. 

The  Simla  slates  in  this  series  are  probably  represented  in  part,  by  the 
micaceous  rocks  near  Kotgarh,  and  by  the  thick  series  of  silicious  rocks  between 
Kotgarh  and  Narkanda.  The  argillaceous  element  probably  gave  way  in  this 
region  to  the  arenaceous. 

At  Rampur  we  find  a  fault  along  the  axis  of  a  synclinal  flexure.  The  EjoI 
quartzite  is  again  brought  up,  and  the  volcanic  series  follow  in  inverted  order. 
The  quartzites,  which  to  the  north  of  Rampur  follow  the  volcanic  series  (I  do 
not  allude  to  the  quartzites  intercalated  with  the  traps)  represent,  in  my  opinion, 
the  quartzites  seen  in  the  southern  wing  of  the  syncline  between  Narkanda  and  the 
Nogli  stream ;  but  the  infra-Krol  carbonacoous  beds,  so  typically  developed  south 
of  the  Nogli,  have  disappeared  from  the  section  north  of  Rampur.  These  beds 
jixay  either  have  been  cut  oft  by  the  fault  which,  on  my  interpretation  of  the 

I  See  remarks  on  lUoes  51 — ^68,  Reootds,  XVII,  pp.  60,  61,  in  which  I  leeoMed  my  eonTictioD, 
^fl^  on  microfloopical  evidence,  tlwt  these  speeimeni  wera  *'  metamorphio  "  rooke. 
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section,  must  be  placed  between  the  northern  boundary  of  the  yolcanic  series  and 
the  qnartzites  ;  or  they  may  have  thinned  out. 

The  .qnartzites  beyond  Rampnr  are  conformably  succeeded,  first  by  white 
mica  schists  that  resemble  some  lower  silurian  bedsi  n  the  Dalhousie  area ;  then 
by  mica  schists  of  a  pronounced  type,  and  finally  by  gneissic  beds,  the  folisa  of 
which  are  greatly  crumpled,  and  which,  I  doubt  not,  are  altered  sedimentary  beds 
of  lower  silurian  or  cambrian  age. 

According  to  the  view  expressed  above,  the  two  outer  ends  of  a  long  synclinal 
flexure  are  occupied  by  the  older  rocks,  with  the  younger  rocks  in  the  middle. 
The  older  rocks  dip  under  the  younger  from  Narkanda  down  to  the  Nirat  out- 
crop of  the  gneissose  granite ;  whilst  from  Ram  pur  to  Qaora  the  rocks  are  in 
inverted  order,  the  younger  dipping  under  the  older.  Between  the  Nirat  outcrop 
of  the  gneissose  granite  and  Bampur,  the  younger  rocks  have  been  considerably 
crushed,  especially  at  Nogli ;  and  the  squeeze  has  been  so  great  that  though  the 
volcanic  series  present,  as  I  believe,  a  regular  sequence  from  the  Krol  quartzite  at 
the  Nogli  up  to  the  fault  at  Rampur,  and  from  the  Krol  quartzite  at  Rampur  up 
to  the  northern  boundary  of  the  volcanic  series,  yet  the  Krol  quartzite  has  been 
brought  into  contact  with  the  highest  beds  of  the  volcanic  series  and  a  divergent 
dip  imparted  to  the  volcanic  beds  on  either  side  of  the  Bampur  fault.  That  the 
younger  beds  in  the  middle  of  the  long  synclinal  fold  stretching  from  Gaora 
to  Narkanda  should  have  been  subjected  to  such  intense  compression  is  hardly 
surprising,  for  they  must  have  suffered,  not  only  from  the  tangential  pressure 
which  produced  the  synclinal  fold,  but  also  from  the  compression  caused  by  the 
intrusion  of  the  Nirat  gneisso  e  granite. 

There  is  a  fault  at  the  end  of  the  southern  wing  of  the  syncline,  to  the  south 
of  Narkanda,  another  along  the  axis  o:  the  syncline  at  Bampur,  and  a  thii-d 
between  Bampur  and  Gaora. 

Between  Guora  and  Wangtu  no  new  sedimentary  beds  come  in. 

The  gneissose  granite  penetrates  the  soutbern  wing  of  the  syncline  in  the 
middle  of  the  infra-Krol  (lower  carboniferous)  series.  In  the  northern  wing 
it  intrudes  much  lower  in  the  series,  appearing  in  the  lower  Silurians  and  (  P  ) 
Cambrians.  ' 

The  quartz-diorite  or  amphibolite  appears  in  the  northern  wing  of  the  anticline 
only,  and  it  evidently  belongs  to  the  period  of  granitic  eruption.  In  my  papers 
in  Vol.  XVI  already  referred  to  (see  foot  note  ante)  1  adopted  the  view  that 
the  gneissose  granite  was  erupted  in  tertiary  times,  and  I  have  since  seen  no 
reason  to  modify  that  conclusion. 

In  offering  the  above  remarks  on  the  stratigraphy  of  the  Simla  and  Wangtu 
section,  I  am  deeply  sensible  of  the  danger  of  framing  theories  based  on  road-side 
observations  along  a  single  line,  before  the  neighbouring  country  is  surveyed  and 
mapped  by  a  competent  geologist ;  but  as  there  seems  no  immediate  prospect  of 
this  being  done,  and  as  the  task,  whenever  it  is  undertaken,  will  be  a  long  and 
laborious  one,  it  may  not  be  out  of  place  to  record  the  impressions  that  have  been 
left  on  my  mind  by  the  &.cts  at  present  available. 

A  modification  of  the  interpretation  of  the  Narkanda-Wangtu  section  pro- 
posed above,  that  might  suggest  itself  to  some  mindsi  is  that  the  infra-Krcl  rocks, 
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• 

tbe  Krol  qnarizite,  and  the  volcanic  series  were  deposited  in  a  basin  formed  bj  ihe 
denudation  of  older  rocks  ;  bnt  this  view  is  not  favonred  bj  the  fact  noted  in  Part 
I  of  this  paper ;  namely,  that  there  is  a  gradual  decline  in  the  metamorphism  of 
the  rocks  from  Kotgarh  down  to  the  black  infra-Krol  beds.  However,  were  this 
modification  to  be  adopted,  the  general  features  of  the  section  would  remain  the 
same  as  that  suggested  above  ;  we  should  still  have  a  broad  synclinal  fold  with  the 
older  rocks  on  the  outer  flanks  and  the  youDger  rocks  in  the  middle ;  we  shonld 
have  the  volcanic  series  and  the  Krol  quartzite  compressed  together,  and  mptnred 
by  a  fault,  the  older  beds  on  one  side  of  the  fault  being  brought  into  contact  with 
the  younger  beds  on  the  other  side,  the  beds  on  one  side  being  in  inrerted  order. 
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Five  cut  and  partly  poli:«hed  blocks,  and  a  cup  and  saucer  of  potstone  (extensiyely  used  for 
idols,  vessels,  &c.)  from  Pnttarkutti,  20  miles  N.  N.  K.  of  Gnytf. 
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Titles  of  Books,  Donors. 

Pal^ontologie  Franfaise.     Ire  s^rie.     Animauz  Invert^br^s,  Terrain  Jurassique.    Livr.  79. 

8**  jfaris,  1886. 

PuBYES,  J,  C— Esquisse  g^logiqne  de  L'  He  d'  Actigoa.    8*  Pam.  Bnixellee,  1884. 

Thb  Attthob. 

QuKKSTXDT,  Fr.   .^tf^.^-Handbuch  der  Petrdfaktenkunde.    Aaflage  III.    Lief.  24-25. 

8°  Tiibingen,  1885. 

Reports  of  the  loBpectors  of  Mines  to  Her  Majesty's  Secretary  of  State  for  1884.    ¥\ic, 

London,  1885.  R.  A.  Dspt.,  Goybbnk int  op  Imdul 

Stbwabt,  Balfour,  and  Gbb,  W,  W,  Baldane, — ^Lessons  in  elementary  practical  PhynoB. 

Vol.  I.    8"  London,  1886. 

The  Norwegian  North  Atlantic  Expedition,  1876 — 1878.    Zoology.      Crustaoea,  by  0.  0. 

Sars.  I  and  lb.    4^  Christiania,  1885.  The  CoxMiTm. 

Yah  Hi  SB,  C  £, — Enlargements  of  hornblende  fragments.    8^  Pam.    New  Haven,  188a. 

Thb  Authob. 

Yilljl,  Giovanni  Battista. — Rivista  geologica  dei  terreui  della  Brianza.    8*  Pam.  Mikn* 

1885.  Thb  Attthob. 

Wabd,  Thomas  H> — The  Indian  Coal  Mines.    Is  legislation  necessary  to  regelate  their 

working?  A  review  of  a  paper  by  Joseph  Chater.  8**  Pam.  Oalcntta,  1885. 

Thb  AuTfiOB. 


PERIODICALS,  SERIALS,  &g. 

American  Journal  of  Science.    Srd  series.  Vol.  XXX,  Nos.  177 — 179.    8^  New  Hayen,  1885. 

Thb  Editobs. 
American  Naturalist.    Vol.  XIX,  Nos.  7—9.    S''  Philadelphia,  1885. 

Annalen  der  Physik  nnd  Chemie.    New  Folge.      Band  XXYL  heft.  1—3.    8*  LeipsisTi 

1886. 

Annales  des  Mines.    8me  stfrie.    Tome  YII.  livr.  8.    8*"  Paris,  1885. 

I'bpabthbnt  ot  Mines,  Pabis. 

Annales  des  Sciences  Naturelles.    Botaniqne.    7°^^  s^rie.    Tome  II,  No.  1.    9t*  Ptiris,  1885. 
Annales  des  Sciences  Naturelles.    Zoologie  et  Pal^ontologie.    60^®  s^rie.    Tome  XIX,  No.  1. 

8°  Paris,  1885. 
Annals  and  Magazine  of  Natural  History.    6th  series.  Yol.  XYI,  Nos.  94—96.    8^  London, 

1886. 
Arcbiy  fiir  Naturgeschichte.    Jahrg.  LI,  hefl  2—3.    8*"  Berlin,  1886. 
Athenffium.     Nos.  3020—3033.    4°  London,  1885. 
Beibliitter  zu  den  Annalen  der  Physik  und  Chemie.    Band  IX,  Nos.   9 — 11.    8°  Leipsig, 

1885. 

Biblioth^ue  Universelle.    Archives  des  Sciences  Physiques  et  Naturelles.    3°^«  periods. 

Tome  XIY,    Nos.  7—8.    8**  Geneve,  1885. 

Biblioth^ue  Universelle  et  Re^ue  Suisse.       3°>o  p^riode.    Tome  XXYII,  No.  81,  sad 

XX Yin,  No.  82.    8"*  Lausanne,  1886. 

Botanischer  Jahresbericht.    Jahrg.  X,  Abth.  II,  heft  2,  <&  XI,  Abth.  I,  heft  1.    S''  Berlin, 

1886. 

Botanisches  Centralblatt.    Band  XXIII,  No.  10,  to  XXIY.  No.  10.    V  Cassel,  1886 . 
Chemical  News.    Yol.  LII,  Nos.  1346—1359.    4''  London,  1886. 
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TUlcM  ofBoolu.  Donors, 

Colliery  Guardian.    Vol.  L,  Noe.  1289-1302.     Fol.  London,  1885. 

Das  Auiiland.    Jabrg.  LYIII,  Nob.  35 --49.     4P  Stutt^Hrt.  1885. 

Geological  Magazine.    N^ew  series.  Decade  IIT,  Vol.  II,  Nob.  10 — 12.     8^  London,  1885. 

Iron.     Yol.  XXVI,  Nob.  661—^74.     Kol    London,  1885. 

Journal  of  Science,    3rd  series.   Vol.  VII,  Nos.  140—142.   8^  London,  1885.    Thx  Editob. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine  and  Journal  of  Science.    5th  series. 

Vol.  XX,  Nos.  125—127.    8^  London,  1885. 
Mining  Journal,  with  supplement.    Yol.  LV,  Nos.  2611—2624.    Fol.  London,  1885. 
NatursB  Novitates.    Nos.  17—23.    8''  Berlin,  1885. 

Natore.    Yol.  XXXII.  No.  828  to  Yol.  XXXIII,  No.  841.    4°  London,  1885. 
Neaes  Jahrbuch   fiir  Mineralogie,  Geologie  und  Palacontologie.    Jabrg.  1885,    Band  II, 

heft  8.    S"*  Stuttgart,  1885. 

Neuee  Jabrbuch  fiir  Mineralogie,  Geologie  und  Palaeontologie.     Beilage-Band  lY,  heft  1. 

8"  Stuttgart,  1885. 

Petermann's  Geographische  Mittheilungen.     Band  XXXI,    Nos.  9—11.    4^  €K>tha,  1885. 

Professional  Papers  on  Indian  Engineering*    3rd  series.  Vol.  Ill,  No.  II.    FIsc.,  Roorkee, 

1885.  Thomason  Collbob  of  Civil  Ekoinvbbing. 

Qaurterly  Journal  of  Microscopical  Science.     New    series.    Yol.    XXY.    No.    100.    8^ 

Loudon,  1885. 
Zeitscbrift  fiir  Naturwissenscbaflen.    Folge  4.     Band  IV,  heft  3.    8^  Halle,  1883. 


GOVERNMENT  SELECTIONS,  REPORTS,  &c. 
BB370AL.— Quarterly  Bengal  Army  List  for  1st  October  1885.    No.  94.    8"^  Calcutta,  1885. 

GOVBBNHBNT  OF   InDIA. 

Bombay. — Brief  sketch  of  the  Meteorology  of  the  Bombay  Presidency  in  1883-84  and  1884- 

85.    Flsc.  Bombay,  1884—1885. 

Mbtbobolooical  Dbpabthbnt,  Bombay. 

„         Ghoetteer  of  the  Bombay  Presidency.    Vols.  XYII,  XVIII,  parts  1-3,  XIX  And 
XX.    8°  Bombay,  1884-85.  Bohbay  Govbbmmbnt. 

M  Selections  from  the  Records  of  the  Bombay  Government.     New  series.  No.  173* 

Flsc.  Bombay,  1885.  Bombay  Govbbnmfnt. 

Bbitish  Bubxa. — Report  on  the  administration  of  British  Burma  during  1884-85.    Flsc. 

Rangoon,  1885.  Chibf  Commissioicbb,  Bbitish  Buema. 

Cbvtbal  Pboyiiiobs. — Report  on  the  administration  of  the  Central  Provinces  for  1884-85. 

4''  Nagpur,  1885. 

Chibf  Commisbionbb,  Cbntbal  Pboviiccbs. 

Ij^dxa. — ^Annnal  statement  of  the  trade  and  navigation  of  British  India  with  Foreign  Conn- 
tries,  and  of  the  coasting  trade  of  the  several  presidencies  and  provinces, 
in  the  year  ending  31st  March  1885.  Yol.  I,  No.  19  Foreign  Trade,  and 
II,  No.  19  Coasting  Trade.    4P  Calcutta,  1885. 

GOYBBNMBNT  OT   InDIA. 

i»     Indian  Meteorological  Memoirs.    Yol.  II,  part  5.    4^  Calcutta,  1885. 

Mbtbobolooical  Dbpabtmbht,  Ibpia. 
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Titles  ofBoohi,  Donort, 

India. — Meteorologpcal  obfierrations  recorded  a£  six  stafions  in  India  in  1885,  rednoed  and 

corrected.     Hay  to  August.    4P  Calcutta,  1885. 

Mbtbobolooicjll  DBFAEimHT,  India. 

„  Report  on  the  administrHtion  of  the  Meteoro1o<;^ical  Department  of  the  Governrocnt 
of  India  in  1884-85.    4""  Calcutta,  1885. 

MbtboboIiOOical  Dbpabtmbnt,  Ibdia. 

„  List  of  civil  officers  holding  gazetted  appointments  under  the  GoTernmenI  of  India 
in  the  Home,  Legiislatire,  and  Foreign  Departments  on  Ist  Jalj  1885. 
8""  CalcutU,  1885  Hokb  Dbpabtmbbt. 


TRANSACTIONS,  PROCEEDINGS,  Ac,  OF  SOCIETIES,  SURVEYS,  Ac. 

Batayia. — Notnlen  van  het  Bataviaa»ch  Qenoot^chap  van  Kunsten  en  Wetenschappen.   Peel 

XXllI,  sfl.  2.    8*  Batavia,  1885.  Thb  Socibty. 

„        Tijdschrift  voor  indische  Taal-Land-en  Volkenkunde.     Deel    XXX,  afl.  5.    8* 
Patavia,  1885.  Thb  Socibtt. 

Brblin. — Ahhandlnngen  der  Konig.  Akademie  der  Wissenschaften  zu  Berlin.    1884.    4" 

Berlin,  1885.  Thb  Acadbmt. 

„        Siizungsberichte  dor  Koni^lich  PreuKsiffchen  Akademie  der  Wissenscharten.    No«. 
XL— LIV.     8*  Berlin,  lh84-1885.  Thb  Acadbmt. 

^,        Congr^B  g^ologique  international.    3™^  sesHion,  Berlin,  1885«     Rapports  de  la  com* 

misBion   pour  i'uniforniitd  de  la  nomenclature.    Par  G.    Dewalque.    8" 

,       Berlin,  1885.  Thb  Congbbss. 

Bologna. — Memorie  della  Accademia  dt'lle  Scienze  dell'  Istituto  di   Bologna.    4  s^rie. 

Tomo  V.    4"  Bolo^rna,  1883.  Thb  Acadbmt. 

Boston. — Catalogue  of  the  State  Lihrur^'  of  MausachuNet^s.    8®  Boston,  1880. 

Thb  Libbabt. 

„         Proceedings  of  the  American  Academy  of  Arts  and  Sciences     New  series.    Vol. 
XLI.    8**  Boston,  1885.  Thb  Acadbmt. 

Bbussbls. — Annales  de  Ik  Socitft^  MalRcologique  de  Belgique.    2"*  s^rie,  Tome  XV,  and 

3"*  B^rie,  Tome  IV.    8*  Bruxelles.  1880  and  1884.  Thb  Socibtt. 

Proems- Verba ux  des  Stances  de  la  Soci^t^  itoyale  Mulacologique  de   Belgique. 
Tome  XIV,  pp.  1—80.    8"  Bruxelles,  1885.  Thb  Socibtt. 

,,  Annales  du  Mus^e  Royal  d'Histoire  Naturelle  de  Belgique.     Tome  IX,  pt  4, 

and  XI,  pt.  5.    With  2  vols,  of  plates.    4"*  Bruzelles,  1885. 

Thb  Musbum. 

,,  Bulletin  de  la  Soci^td  Royale  Be]g«  de  O^ographie.    Ann^  IX.    No.  4.   8* 

Bruxelles,  1885.  Thb  Socibtt. 

BuDAFBST.*— General  i«dex  sammtlicher  publicationen  der  Ungarischen  Geologischen  Gesell- 

schaa,  von  1852—1882.    S"*  Budapest,  1884.  Thb  Socibtt. 

Geologische  Mittheilungen  der  Ungarischen  Geologischen  Gesellschaft.     Band 
XIV,  Nos.  9—12,  and  XV,  Nos.  1—6.    8"  Budapest,  1884—1886. 

Thb  Socibtt. 
^  Erl^uterungen   zur  geologischen    specialkarte    der    Lauder    der   Ungarischen 

Krone.    Blutt  coi.°xxiX'    With  map.    8**  Budapest,  1886. 

ROTAL   HUKOABIAN   GbOLOOICAL  IkSTITUTb' 


tf 


»i 


n 


>» 


PART  1.]  Addilions  io  the  Library.  93 

rule*  qf  Books,  Donoi-s. 

hUDAPiiST.— Mittheilungen  aus  dem  Jubrbuche  der  Kon.  UngHrinihtn  GeologiMcben  Austalu 

Band  Vil,  belt  2—4.     b**  Budap^^st,  1885.  Tuk  Imstitutb. 

BuBNOS  AiJUW. — Actas  de  la  Academia  Kuc-ional   de  Cienciaa  en   Cordoba.      Tomo  V, 

K  08.  1-2.    4"  Buenos  Airfs,  1884.  Tub  Acadkiit. 

„  Boletin  de  la  Aeadeinia  Macional  de   Ciencias  en  Cordoba  (Kepublica 

Argentina).    Xouio  VII,  JHo.  3-^    S"*  BuenoM  Aires,  1884—1886. 

Thx  Acadbmt. 

Calcoita. — Catalogue  of  tbe  remainB  of  8iwiJik  Yertebi-ata  contained  in  tbe  Geological 

Department  ot  tbe  Indian  Museum,  Calcutta.     Part  1,  Mammalia.    By 
K.  Lydekker.    8°  Calcutta,  1885.  Ubolooical  Subybt  of  Ihdia. 

„  Palnuntologia  Indica.    Series  IV,  Vol.  I,  part  6,  and  Series  XIII,  Vol.  I,  part  5. 

4^  London  and  Calcntta,  1886.  UBO logical  Subvet  of  India. 

M  Ilecords  of  tbe  Geological  Survey  o£  India.     Vol.  XVIII,  part4.    b^  Calcutta, 

1886.  Gbolooical  Sobvbt  of  India. 

„  General  report  on  tbe  operations  of  tbe  Suryey  of  India  Department,  adminis- 

tered under  tbe  Uovemment  oi'  India  dunug  1883-84.      Flsc.  Calcutta, 

1886.  GOVBBNMBKT  OF   IhDIA. 

Survey  of  India  Department,     ^^'otes  for  September  and  October  1885.     Flsc. 
Calcutta,  1886.  Subybt  of  India. 

Journal   of  tbe  Asiatic  S(»ciety  of  Bengal.    New  series.    Vol.  LIV,  part  II, 
No.  3.    b"*  Calcutta,  1886.  Thk  ^>ocibtt. 

„  Proceedings  of  tbe  Asiatic  Society  of  Bengal.    No.  8.    8°  Calcutta,  1885. 

Tub  Socibtt. 

Cambuidob. — Proceedings  of  tbe  Cambridge  Pbilosopbical  Society.    Vol.  V,  pt.  4.    S"  Cam- 

, bridge,  1885.  Thk  Socibtt. 

Cambbido..,  MaSa. — Memoirs  of  tbe  American  Academy  of  Arts  and  Sciences.      Vol.   X, 

No.  3,  aud  XI,  pt.  2,  No.  1.    4!*  Cambridge,  1874  and  1885. 

ThB   ACADKliT. 

DiKVBB. — Proceedings  of  tbe  Colorado  Bcieiitific  Society.     Vol  I.    8*  Denver,  1885. 

Thb  Socibtt. 
KoiMbUBeH. — Tbe  Suottisb  Geograpbical  Mngazine.     Vol.  I,  >'or.  lU — 12.      8°  Kdinbiirgh, 

1885.  Scottish  Gboobaphical  Socibtt,  Kdimbdboh. 

Ual^b — Abbandiuiigen  der  Natuiforscbenden  Gesellsoliaft  zu  Halle.    Band  XVI,  beft  3. 

4'*  Halle,  1885.  Thb  Socibtt. 

„        Bericbt  iiber  die  Sitzungen  der  Naturforscbenden  Gesellscbaft  zu  Halle  im  Jabre 

1884.  8^  Halle,  1984.  Thb  Socibtt. 

Lausannb.^  Bulletin  de  la  Soci^t^  Vaudoise  des  Sciences  Naturellee.    2"^*  s^rie.    Vol.  XXI, 

No.  92.    S"*  Lausanne,  1886.  Thb  Socibtt. 

Lbtdbh. — Sammlungen  des  Geologiscben  Eeicbs-Musenms  in  Leiden.    Nos.  11 — 12.     8^ 

Leiden,  1885. 
LiVBBFoOL. — Proceedings  of  tbe  Literary  and   Pbilosopbical  Society  of  Liverpool.    Vol. 

XXX  VIII.    8*  Liverpool,  1884.  The  Socibtt. 

„  Proceedings  of  tbe  Liverpool  Geological  Society.  Vol.  V,  part  1,    8'  Liverpool, 

1885.  Thb  Socibtt. 

Lob  don  .<— Journal  of  tne  Antbropological  Institute  of  Great  Britain  and  Ireland.    Vol.  XV, 

No.  1.    8°  LoQCon,  1885. 
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TitUi  of  Bfjoks.  Donors. 

MoKTBEAL. — GeoloRicftl  and  Naiaral  History  Sanrey  of  Canada.    Contributions  to  the 

Micro- PalflBontologj  of  the  Cambro-Silurian  rockfl  of  Canada.  By  Arthur 
H.  Poord.    8*"  Ottawa,  1883.  Govbbiimbst  of  India. 

n  Geological  and  Natural  History  Sunrey  of  Canada.    Mesozoic  Fossils.  Vol.  I, 

part  3.    8*  Montreal,  1884.  Qoybbnhbrt  or  India. 

Moscow. — Bulletin  de  la  Soci^t^  Imp^iiale  des  Naturalistes.    Tome  LYIII,  No.  4,  and 

LIX,  Nos.  1—3.    8*  Moscou,  1884—1886.  Thb  Society. 

„         Konveaux  Mtfmoires  de  la  Soci^ttf  Imp^riale  des  Naturalistes.    Tome  XV,  livr.  1. 
4^  Moscou,  1884.  Thb  Societt. 

Nbwca0TLB-oh-Ttnb. — Transactions  of  the  North  of  England  Institute  of  Mining  and 

Mechanical  Engineers.  Vol.  XXXIV,  parts  5-6.  8°  Newcastle-oii-Tyne^ 
1885.  The  Institute. 

Pabis.— Bulletin  de  la  Soci^t^deG^ographie.    7"' s^rie.  Tome  YI,  No.  2.    8Taris,  1885. 

The  Society. 

^        Compte  Rendu  des  Stances  de  la  Soci^t^  de  Geographic.  Nos.  16—18.    S"  Paris, 

1885.  Thb  Society. 

„        Bulletin  de  la  Soci^t^  G^ulogiquede  France.    3"*  stfrie.  Tome  XIII,  Nos.  6-7.    8* 

Paris,  1885.  The  Society. 

Philadelphia. — Journal  of  the  Franklin  Institute.  3'  series.  Yol.  XC,  Nos.  4>5.    8*  Phila* 

delphia,  1885.  The  Institute. 

„  Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia.    Part  2. 

8"*  Philadelphia,  1885.  The  Academy. 

Piba. — Aiii  della  Societa  Toscana  di  Scienae  Natural!.  Memorie.  Yol.  YI,  fasc.  2.    8*  Pisa, 

1885.  The  Society. 

Rio  db  Janbibo  --Conference  faite  an  Museum  National  en  presence  de  L  L.  M  M.  Imp^- 

riales  le  4  Norember  1884.  Par  Dr.  LadisUu  Netto.  8"  Rio  de  Janeiro, 
1885.  The  Museum. 

St.  Pbtbesbubq.— Bulletin  de  rAcad^mie  Imp^riale  des  Sciences  de  St.  Ptftersbourie.    Tome 

XXIX,  No.  4,  and  XXX,  No.  1.    4''  St.  Ptftersbourg,  1884—1885. 

The  Academy. 

M  M^moires  de  TAcademie  Imp^riale  des  Sciences  de  St.  Ptftersbonrg.    Tome 

XXXII,  No.  13.    4*  St.  P^'^rsbourg,  1884.  The  Academy. 

„  Bulletin  du  Comity  G^ologique.    Yol.  lY,  Nos.  6-7.    8*  St.  P^tersbourg, 

1885.  The  Commission. 

„  Mtfmoires  du  Comity  G^ologique.    Yol.  I,  No.  4,  II,  No.  2,  and  III,  No.  1. 

4*  St.  Ptftersbourg,  1885.  The  Commission. 

Salbm.— Bulletin  of  the  Essex  Institute.    Yol.  XYII,  Nos.  1—3.    8^  Salem,  1850. 

The  Institute. 
Shakohai.— Journal  of  the  China  Branch  of  the  Royal  Asiatic  Society.  Yol.  XX,  No.  3.    8° 

Shanghai,  1885.  The  Society. 

SiireAFOBB.— Journal  of  the  Straito  Branch  of  the  Royal  Asiatic  Society.    No.  14.    8*"  Singa- 

pore,  1885.  The  Society. 

„  Straits  Branch  of  the  Royal  Asiatic  Society.    Notes  and  Queries,  edited  by  the 

Honorary  Secretary.    No.  1.    8^  Singapore.  1885.  Thb  Socibty. 
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Stockholm. — Sveriges  Geologiska  Undersokning.    Kartblad  med  beseriruiiigar. 

Ser.  A.a.  i  8kahm  1 :  50,000.     Nos.  87,  93,  96,  and  96. 

8er.  A.b.  i  skalan  1  :  200,;  00.     ^o.  8. 

Ser.  C.  Afhandlingar  ocb  up^Msatser.  Noa.  67-77.  With  map*.  8* 
and  4P  Stockholm,  1884—1886.      Gbolooical  Sdbvbt,  Swbdeh. 

Stdivbt. — Annual  report  of  the  Department  of  Mines,  New  South  Wales,  for  1884.     Flse. 

Sydney,  1885.  Depabtmbnt  of  Mutes,  New  South  Walbs. 

„         Journal  and  Proceedings  of  the  Royal  Society  of  New  South  Wales.    Vol.  XVIII. 
8*  Sydney,  1886.  Thb  Socibtt. 

M  lieport  of  the  Trustees  of  the  Australian  Museum  for  1884.    Flso.  Sydney,  1885. 

Thb  Mosbcm. 

ViBMMA. — Verhandlungen  der  K.  K.  Geologischen  Reichsanstalt.  Nos.  10-13.    8**  VVien,  1S8& 

Thb  Institutb 

Wabhimotom. — Annual  report  of  the  Director  of  the  Mint  to  the  Secretary  of  the  treasur 

for  the  fiscal  year  ending  30th  June  1886.     8°  Washington,  1885. 

United  Statks  Mtxt. 
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Notes   on  the  Geology  of  parts  of  Bellary  and  Anantapnr  Districts,    by   R.  B. 
FoOTB,  F.G.S.,  Superintendent y  Oeological  Survey  of  India.     (With  a  map.) 

The  tract  of  country  here  described  has  in  plan  a  rough  resemblance  to  an 

hour-glass  lying  on  its  side,  the  length  of  the  hour-glass 
being  88  miles,  its  smallest  width  15  miles,  where  tra- 
versed by  the  Haggari  river  (or  Vedavati,  of  the  map)  ;  and  its  greatest,  at  its 
western  end,  38.  The  fiscal  divisions  included  within  this  irregular  area  are,  — the 
greater  part  of  Gooty  taluq,  the  southern  half  of  Bellary  taluq,  nearly  the  whole 
of  Hospett  taluq,  the  whole  of  the  Sandur  State,  and  the  north-eastern  comer 
of  Kudlighi  taluq  beside  the  northernmost  extremity  of  the  Mysore  territory. 
Three  principal  groups  of  rocks  occupy  the  area  above  defined.  The  youngest, 

or  third,  being  formed  by  the  alluvia  of  the  Haggari,  the 

Tungabhadra,  and  their  tributaries.     They  cover  a  small 

area,  and  are  of  very  small  importance.     To  the  alluvia  may  be  reckoned  some 

gravel  formations  of  no  great  extent  and  small  thickness, 

which  are  scattered  here  and  there  over  the  surface  of  the 
older  rocks. 

The  second  group  consists  of  a  very  important    series  of  schistose  rocks 

which  occurs  in  bands  overlying  the  gneissic  rocks,  which 

latter  constitute  the  first  and  oldest  group  and  cover  by 
GneiBsic  Bjstem.  #111^ 

far  the  largest  area. 

The  second  or  schistose  group  was  formerly  regarded  as  belonging  to  the  great 

gneissic  system  of  South  India,  and  described  as  such  (vide  Memoirs,  Vol.  XII, 

pp.  38 — 54)  ;  but  since  then  a  fuller  examination  of  several  of  the  bands  has 

yielded  evidence  amply  justifying  their  separation  into  a  distinct  system.     As 

already  shown  in  my  memoir  on  the  geology  of  the  South  Mahratta  country, 

just  referred  to,  and  in  my  paper  on  a  traverse  across  the 
ijBtem'^*''  ""'  '''^*'*°"*     Mysore  gold-fields  (supra  Vol.  XV,  1882),   a  considerable 

number  of  bands  of  similar  character  cross  the  gneissic 
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area  both  north  Qjid  sonth  of  the  tract  now  nnder  consideration  and  cut  it  np 
into  similar  but,  as  a  rule,  considerably  wider  bands. 

Eight  such  bands  have  been  recognized  so  far  and  named  after  the  principal 

towns  standing  within  their  limits ;  but  we  are  only  emu 
undCTrcDort  ^       °"*^     cemed   with  three  in  the  Bellary-Anantapur  country  so 

far  as  it  has  as  yet  been  surveyed.  These,  taking  them 
from  east  to  west,  are : — 1,  the  Penn6r-Haggari  band,  an  unquestionable  ezten- 
sion  of  the  great  Hunugunda  band  in  the  Baichur  Doab ;'  2,  the  Sandur  hiUs 
band,  including  the  Copper  hills  south  of  Bellary  town ;  and  3,  the  Dambal-ChiclE- 
nayakanhalli  band,  which  runs  through  the  HadagalH  and  Harpanhalli  talnqs 
(the  most  westerly  extremity  of  Bellary  District),  connecting  the  schistose  rocks 
of  the  South  Mahratta  country  with  those  of  Mysore.  Another  band  of  the 
schistose  rocks  which  however  does  not  touch  the  Bellary  territory,  but  lies  well 
to  the  west  of  it,  deserves  mention,  and  this  is  the  great  Dharwar-Shimoga 
band,  the  broadest  and  most  important  of  all  as  far  as  yet  known. 

The  schistose  rocks  forming  this  band  near  Dharwar,  and  still  more  in  the 

central  part,  near  Shimoga  and  Honnali  (Mysore),  show 
tem^v'triven?'''^"'^'"     much  less  metamorphism thaHi  elsewhere  generally;  and  it 

was  here  that  I  was  for  the  first  time  forcibly  impressed  by 
the  necessity  of  trying  to  establish  a  separation  between  these  old  schists  and  the 
great  granitoid  gneiss  system  of  South  India.  For  this  reason,  and  from  the  fact 
that  this  band  shows  the  greatest  development  of  the  old  schists,  I  have  proposed 
to  call  the  new  system  they  form  the  Dharwar  system. 

At  the  time  when  T  wrote  my  memoir  on  the  South  Mahratta  country,  I  had 
no  positive  evidence  of  the  unconformable  superposition  of  any  of  the  schist  bands 
over  the  granitoid  gneiss  of  the  Southern  Deccan,  and  was  inclined  to  think  that 
the  schists  might  possibly  belong  to  more  than  one  series  and  in  parts  be  inter- 
calated with  granitoid  beds,  as  in  several  sections  in  the  Baichur  Doab  thej 
appear  to  dip  under  the  granitoid  rocks.     The  examination,  however,  of  the 
Kolar  gold-field  convinced  me  that  the  schist  series  here  forms  an  undoubted 
synclinal  basin  sunk  in  a  fold  of  the  underlying  gneiss.     The  study  of  the  Sandur 
hills  since  then  has  satisfied  me  that  the  schists,  or,  as  they  should  henceforth  be 
called,  the  Dharwar  rocks,  rest  on  the  granite  gneiss  with  marked  unconfor- 
mity.    Further  acquaintance  with  the  different  bands  of  the  Dharwars  leads  me 
to  believe  that  they  all  belong  to  one  system,  which  was  formerly  very  widely 
developed  over  the  peninsula.     How  widely  has  yet  to  be  determined  in  many 
parts,  but  it  is  certain  that  they  were  once  represented  all  over  the  Central 
Deccan  and  southward  as  far  as  the  Kolar  gold-field,  and  in  all  probability  as 
far  south  also  as  the  north-western  comer  of  the  Nilgiri  massif. 

Additional  interest  attaches  to  the  Dharwar  system  from  the  fact  that  to  it 
belong  nearly  all  the  gold-fields  at  present  known  in  the  Peninsula^  notably  those 
of  Kolar,  Wyndd,  Honnali  and  Dambal,  besides  others  less  known  in  Mysore  and 
the  Bellary,  Dharwar  and  Belgaum  Districts. 

^  No  place  of  any  importance  Btands  on  this  band  within  the  limitf  of  the  Gooty  and  Belkry 
taluqs,  bat  it  croues  both  the  Haggari  and  Penn^r  rivers. 
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The  bands  of  schist  by  which  the  Dharwars  are  now  represented  in  the  penin- 
sula are  the  remains  of  great  foldings  which  took  place  long 
^Origin  of  the  Bchist     ^^^or  to  the  deposition  of  the  lower- Vindhyan  rocks 

forming  the  Kaladgi  and  Kadapa  basins.  A  consideration 
of  the  section  across  the  several  bands  where  they  emerge  from  under  the  south- 
em  edge  of  the  Kaladgi  basin  will  show  at  once  that  the  upheaved  Dharwars 
had  undergone  immense  denudation  before  the  deposition  of  the  Kaladgi  rocks 
commenced.  The  jaspery  hesmatite  beds  of  the  Dharwar  system  furnished  the 
bright  coloured  jasper  pebbles  which  are  so  striking  a  feature  in  the  basement  and 
other  conglomerates  of  the  lower-Vindhyan  rocks. 

The  force  which  caused  the  great  crumpling  of  the  Dharwar  rocks  had  of 
necessity  also  much  efEect  on  the  underlying  gneissic  rocks,  and  in  various  places 
induced  a  parallelism  of  folds  which  produces  great  semblance  of  conform- 
ability.  The  section  of  the  gneiss  rocks  exposed  south  of  the  southern 
end  of  the  Sandur  band  shows  the  gneiss  to  have  been  afEected  by  an  anterior 
process  of  crushing  from  pressure  acting  in  a  more  or  less  east  and  west  direction. 
This  is  noteworthy  as  it  shows  that  the  peninsula  was  afEected  at  no  less  than  four 
periods  by  great  approximately  east  to  west,  or  west  to  east,  thrusts,  the  two 
already  noted  and  two  later  ones  by  which  the  Kadapa  and  Kamul  rocks  were 
respectively  crumpled  up  into  the  great  foldings  they  now  show.  Of  these  the 
last  would  seem  to  have  been  much  the  least  energetic. 

A  brief  description  of  the  chief  petrographical  characters  of  the  gneissic  and 
Dharwadian  rocks  will  suffice  for  the  present,  the  full  description  being  re- 
served for  the  final  memoir  on  the  geology  of  the  Bellary- Anantapur  country. 
By  the  time  that  has  to  b^  written,  it  is  hoped  that  many  of  the  more  important 
rocks  will  have  been  examined  microscopically. 

The  intrnsive  rocks  penetrating  the  gneiss  and  the  Dharwars  are  of  consider- 
able importance,  and  often  form  marked  features  in  the 
IntnuiTe  rocks.  i-iii  m  i*  ^  #«i 

geological  landscape.     Two  ordinary   forms   of  intrusive 

rocks  were  noted,  granite  veins  and  trap  dykes, which  will  be  described  further  on. 
Another  intrusive  rock  of  great  interest  is  a  tuff-agglomerate  of  undetermined 
age,  which  forms  a  so-called  '*  neck  *'  piercing  the  gneiss  close  to  Wadjra  Karur,  a 
famous  diamond -yielding  locality  10  miles  south  of  the  Guntakul  railway  junc- 
tion. This  will  be  described  further  on.  The  external  resemblance  of  the  agglo- 
merate to  the  matrix  in  which  the  famous  Kimberly  diamonds  occur,  has  caused 
it  to  be  very  elaborately  prospected,  but  unfortunately  without  any  satisfactory 
result. 

J.— T&fl  Otieissic  Bocks, 
By  far  the  greater  part  of  the  gneissic  area  is  occupied  by  highly  granitoid 
rocks,  which  are  also  far  more  conspicuous  than  the  well-foliated  gneisses.  Ex; 
cepting  in  the  various  groups  of  rocky  hills  which  are  scattered  about  the  Bellary- 
Anantapur  country,  the  gneissics  are  generally  very  little  seen  owing  to  the  great 
and  continuous  sheets  of  regur  which  form  so  characteristic  a  covering  of  the 
great  plains  in  this  part  of  the  Deccan.  In  many  of  the  few  outcrops  found  within 
the  area  of  the  regur  spreads  the  gneiss  is  in  too  advanced  a  state  of  decom- 
position to  allow  of  anything  but  the  roughest  determination  of  its  nature. 
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Speaking  generally,  tlie  gneissic  area  within  the  tract  under  review  is  occapied 

by  two  principal  varieties  of  granite  gneiss, — the  one  a  fine 
ti  J'^of   gmiiTe^^g^e^M '^      ®^  medinm-grained  reddish  or  grey  variety  which  occurs 

in  the  eastern  part  of  the  tract,  the  other  a  coarse-grained 
often  strongly  porphyritic  variety  which  forms  the  mass  of  the  rocks  in  the 
central  and  western  parts.     Both  are  markedly  felspathic  in  composition. 

Some  of  the  fine-grained  pink  varieties  occurring  in  the  eastern  parts  are  so 

homogeneous  in  structure  as  to  be  hardly  distinguishable 
a,  ue  gram  vane  y.  ^^^^  felsites.  The  rocks  here  have  undergone  an  extra 
degree  of  metamorphism  and  have  lost  nearly  all  traces  of  their  original  lamin- 
ation, so  that  they  are  often  very  hard  to  distinguish  from  the  veins  of  intruded 
granite.  They  are  greatly  cut  up  by  a  system  of  noi-th  and  south  jointing,  which 
is  often  so  largely  developed  as  to  simulate  true  bedding  very  strongly. 

The  most  remarkable  accessory  mineral  in  this  part  of  the  gneiss  is  pistacite 
which  occurs  very  largely  in  veinlets  and  in  films  lining  the  sides  of  planes  of 
jointing.  It  is  common,  too,  in  grains  in  the  mass  of  the  rock.  Where  the  rock 
is  much  weathered,  as  it  often  is,  the  country  is  thickly  strewn  with  fragmenta 
showing  brilliantly  yellow-green  pistacite,  contrasting  in  a  very  pleasing  way 
with  the  red  or  bright-pink  felspar. 

This  pistacite  is  specially  characteristic  of  the  granite  gneiss  at  and  around 
Maddikeri  (Muddykerra),  a  few  miles  north-east  of  the  Guntakul  railway  junction , 
Much  pistacite  in  films  occurs  also  on  the  joint  planes  in  blocks  of  diorite  in  the 
great  trap-dykes  of  this  region. 

This  pistacite  would  appear  to  be  the  vivid  green  mineral  Newbold  so  often 
notes  in  his  paper  on  this  part  of  the  Deccan  as  '' Actinolite."  I  did  not  see  a 
single  crystal  or  speck  of  true  actinolite  in  the  Bellary-Anantapur  country ;  the 
pistacite,  on  the  contrary,  is  of  very  common  occurrence  almost  everywhere.  It  is 
less  common,  but  by  no  means  uncommon,  in  the  very  coarse  porphyritic,  variety 
of  granite  gneiss  so  largely  developed  to  the  westward  of  the  Penn6r-Tunga- 
bhadra  band  of  the  Dharwars,  and  which  constitutes  the  typical  Bellary  gneiss. 
The  porphyritic  gneiss  is  admirably  displayed  in  the  Fort  and  North  hills  at 

,     .,.        .  ,         Bellary  itself.     The  rock  is  largely  traversed   by  srreat 
5,  porphyntic  variety.        .  .    ,      ,         i,-  v  -x  •         l        -   i  \  r\        t  j.i 

joints,  by  which  it  is  cut  up  into  great  masses.     One  of  the 

most  constant  of  the  master  joints  is  a  nearly  horizontal  one  which  often  gives  the 

scarps  an  almost  artificial  mural  appearance. 

The  weathering  action  of  the  atmospheric  agencies  attacks  the  various  blocks 
along  the  joint  planes,  and  penetrates  very  equably  in  most  cases.  In  some  parts 
of  the  rock,  however,  there  is  a  decided  tendency  to  concentric  sphseroidal  weather- 
ing ;  and  where  this  is  the  case,  the  rate  of  decay  appears  to  be  veiy  much  greater 
than  elsewhere. 

The  foliation  or  lamination  of  the  rock  is  generally  obscure,  but  occasionally 
shows  well.  The  bedding  of  the  rock  is  rarely  recognizable  on  the  spot,  but  is 
often  very  clear  when  seen  from  a  distance. 

The  freshly-broken  granite  gneiss  is  generally  of  grey  or  .greyish  pink  or 
purplish  colour,  and  weathers  pink  or  brownish -pink.  The  prevalent  felspar  is  a 
pink  orthoclase. 
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Granite  gneiss,  very  strongly  resembling  the  Bellary  beds,  occurs  east  of  the 
Haggari  river  in  the  Karaka  Mnkaln  (Cnrraka  Mookaloo)  and  Budihal  hills 
near  Urayakonda,  and  also  to  the  N-W-by-W  in  the  Daroji  hills,  and  both  sets 
may  very  reasonably  be  regarded  as  extensions  of  the  Bellary  beds. 

The  fine  granite  gneiss  hills  north-east  of  Bellary,  known  as  the  Peacock  hills, 
as  also  the  picturesque  group  of  rather  lower  hills  around  Kurgodu  consist  of  a  finer- 
grained  rarely  porphyritic  variety  of  grey  granite  gneiss.  In  colour  and  the  tenden- 
cy to  be  cut  up  by  planes  of  jointing  into  great  masses,  both  varieties  agree  closely. 
Two  of  the  most  remarkable  tracts  occupied  by  granite  gneiss  are  the  environs  of 

Hampi  and  Anagundi  on  the  banks  of  the  Tungabhadra, 
TVacte    of    granitoid      ^^   ^he   hilly  country  around   Gudikotta,  south  of   the 

Sandur  hills.  In  both  tracts  the  peculiar  features  of  a 
very  wild  rocky  hill  region  are  seen  to  perfection. 

The  Hampi  tract  is  the  more  interesting,  as  it  includes  the  extensive  ruins  of 
the  old  Hindu  city  of  Vijayanagur,  destroyed  in  1564,  after  the  great  defeat  at 
Telikota  of  Bama  Raja  by  the  allied  Sultans  of  Bijapur,  Golconda,  Daulatabad, 
and  Berar.  A  remarkably  beautiful  and  instructive  panorama  of  this  granite 
gneiss  tract  is  to  be  obtained  from  the  summit  of  the  Martanga  Parvatum,  a  high 
temple-crowned  rock  rising  close  to  the  gorge  of  the  Tungabhadra.  The 
tremendous  ruggedness  of  the  granite  gneiss  hills  forms  a  very  remarkable  con- 
trast to  the  great  fertility  of  the  narrow  valleys  which  run  between  the  hills. 

As  already  mentioned^  typical  schistose  gneisses  are  very  little  developed  in 

the  country  here  dealt  with.  The  most  noteworthy  ex- 
c  1     Be  gneiss.  ample  of  them  is  a  narrow  band  lying  between  the  por- 

phyritic granite-gneiss  band  of  Bellary,  and  the  range  of  hills  culminating  in  the 
Copper  mountain  to  the  south.  The  gneisses  are  badly  seen,  being  much  obscured 
by  cotton  soil  on  the  north,  and  on  the  south  by  an  extensive  talus  of  hsBmatite 
and  other  schists  of  Dharwar  age  washed  down  from  the  Copper  mountain. 
The  principal  variety  of  gneiss  here  seen  is  a  typical,  well-foliated  quartzo-horn* 
blendic  rock.  Its  relations  to  both  the  granitoid  gneiss  and  the  overlying 
Dharwar  rocks  have  yet  to  be  worked  out,  no  section  having  as  yet  been  found  in 
which  they  are  exposed  in  juxtaposition.  Schistose  gneiss  is  also  developed  to 
some  extent  in  the  valley  of  the  Penn6r  and  to  the  south  and  east  of  Wadjra 

B^arur. 

II. — The  Dharwar  Rocks. 

The  rocks  forming  this  system  are  very  varied  in  kind,  but  schistose  varieties 
predominate  strongly,  and  give  a  marked  character  to  aU  the  tracts  they  occupy. 
The  general  distribution  of  the  Dharwars  in  bands  has  already  been  amply  illus- 
trated ;  and  it  has  been  pointed  out  that,  so  far  as  at  present  known,  three  of  the 
great  bands  traverse  the  Bellary- Anantapur  country,  of  which  the  two  eastern- 
most lie  inthin  the  surveyed  area  here  described.  These  are  (o)  the  Penn^r- 
Haggari  and  (6)  the  Sandur  and  Copper  hills  bands. 

a.  The  Penner-Haggari  band  has  been  traced  from  the  south  bank  of  the 

Penn^r,  a  little  east  of  Udaripi  Drtig  (Ooderpee  Droog  of 
J^    Penner-Haggari      gj^^^  ^g^  ^^^^  ^^^^  q^^^  ^j^q    north-westward  into 

the  Bellary  talaq,  and  on  for  a  distance  of  12  miles  as 
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far  as  the  south  end  of  the  Sindygerry  hills  which  it  forms.     From  its  geo- 
graphical position  there  cannot  be  the  slightest  doubt  that  it  represents  the 
extension   of  the  great   Hunugunda   schist  band  which  crosses  the  Baichu' 
Doab,  and  runs  through  the  Hunugunda  taluq  of  Kaladgi  District  (Bombay 
Presidency),  and  is  lost  to  sight  under  the  great  conglomerates  forming  ib^ 
base  of  the  Kaladgi  basin.    Except  in  the  very  broken  and  rugged  tract  which 
occurs  on  both  sides  of  the  Penn^r,  the  rocks  forming  the  Penn^r-Haggan 
band  are  very  much  obscured  by  the  great  spreads   of  regur  which  covex 
the  plains  of  the  Gooty  and  Bellary  taluqs.     Near  the  Penn^r  the  prevalent 
rocks   are  chloritic  schists  of   dark-green   colour,   whioh  form   several  minor 
ridges.     The  schists  have  been  highly  metamorphosed,  and  are  traversed  by  several 
very  large  dykes  of  greenish  or  bluish-black  diorite.     A  band  of  hsBmatitio  schist 
shows  to  the  east  of  Pedda  PaipuUy   (4  miles  east  of  TJravakonda),  where 
the  band  is  at  its  narrowest,  having  been  very  greatly  denuded.     Further  to  the 
north-west  hornblendic  and  haomatitic  schists  appear,  and  the  chloritic  schists 
have  given  place  to  a  black  trappoid  hornblendic  rock  which  looks  very  much 
like  a  contemporaneous  trap,  partly  converted  by  pressure  into  a  hornblendic 
schist.     Still  further  north-west,  coarse  hornblendic  schist  forms  a  low  bare  ridg^ 
6  miles  north-west  of  IJravakonda.     To  the  north  of  it  is  a  band  of  the  trap]^oV^ 
rock,  and  to  the  north-north-west  is  a  low  ridge  the  crest  of  which  consists  of.  'C^^ 
jaspery  hsematite  rock  with  interbedded  laminae  of  fine  white  and  grey  ^)^e!>>«^ 
quartsute.     On  the  south  side  of  the  ridge  is  a  show  of  chloritic  schist.     Chlox^^id 
schists,  with  a  band  of  haamatite  forming  the  crests  of  the  Ghelgurki  (Chailgooi*^^) 
and  Joladarashi  hills  are  the  only  members  of  the  Dharwar  series  seen  penetx-a-ting 
the  regur  spread  as  far  as  the  right  bank  of.  the  Haggari.     There  are  no  visil^le 
outcrops  in  the  bed  of  the  Haggari,  and  on  the  left  bank  the  regur  spread  xnaaks 
everything  for  several  miles.     A  ridge  of  hornblendic  trappoid  rock,  prol»bly 
belonging  to  the  Dharwars,  protrudes  over  the  regur  to  the  north  of  the  ra»ilvv»y 
4  miles  east  of  Bellary.     The  northernmost  part  of  the  band  yet  surveyed  stows 
chloritic  schist  fiouth  of  Korlagundi  (Kortagoondy  of  Sheet  58),  and  homble^^*^ 
schist  north  and  north-west  of  the  village,  while  a  broad  spread  of  black  trapp^^^ 
rock  caps  the  watershed  to  the  south-west  and  west. 

Except  at  the  south  end  of  this  band,  close  to  the  Pennir,  the  boundaries   ^^ 
everywhere  concealed  by  cotton  soil  or  other  superficial  deposits.     Where  seen* 
the  basement  bed,  a  gritty  schist,  rests  on  the  very  rugged  surface  of  the  g:r»**^*® 
gneiss.     The  schist  laps  round  many  boss-like  inequalities  of  the  gneiss  and  ^^ot^s 
a  very  rugged  boundary  in  consequence.     Too  little  of  this  band  is  exposed  i«*  *7® 
Oooty  and  Bellary  taluqs  to  enable  one  to  explain  as  yet  the  position  it  ood^P^^^ 
with  reference  to  the  underlying  gneissic  rocks.     Near  the  Penn6r  it  o&trt^^^ 
appears  to  hold  the  position  of  a  synclinal  fold,  sunk  among  the  gneissic    r'0<5**» 
like  the  central  part  of  the  Kolar  gold-field  band.     This  structure,  hoveve^*  ^^^ 
hardly  obtain  throughout  the  whole  length  of  the  band,  and,  very  probably,  x**^ 
parts  owe  their  preservation  to  their  having  been  faulted  down  by  long  lii*^ 
dislocation.     This  band  nowhere  exceeds  5  miles  in  breadth,  but  is  cei^*^^*^.^ 
of  considerable  thickness,  the  beds  composing  it  being  tilted  up  vertical^T^ 
parts,  and  generally  showing  very  high  angles  of  dip. 
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h.  This  band  of  the  Dharwar  rooks  is  far  the  most  interesting  geological  feature 

in  the  Bellary  conntry,  and  deserves  very  close  study  for 
pJhnkw".  '"""^  ^°^"     *^^  reasons :  one  being  that  its  relations  to  the  underlying 

gneiss  are  exposed  in  various  sections ;  the  other,   that 
it  shows   a  great    thickness  of  rocks  of  very  varied  character  thrown  into 
varied  positions  of  great  interest,  and  by  no  means  easy  of  explanation  at  first 
sight.     The  area  occupied  by  this  band  is  by  no  means  easy  of  definition  in  plan, 
and  I  must  here  refer  the  reader  to  the  map ;  he  will  there  see  that  the  band 
consists  of  two  roughly  parallel  divisions  united  by  a  short  cross  belt  in  the  mid- 
dle.    The  two  divisions  run  nearly  north-west  and  south-east,  the  western  or 
Sandur  hills  division  forming  a  synclinal  basin  in  shape  like  a  very  pointed 
leaf,  the  stalk  being  the  southern  end.     The  eastern,  or  Copper  hills,  division, 
the  structure  of  which  is  much  less  obvious  and  has  not  been  completely  worked 
out,  also  appears  to  form  a  narrow  synclinal  fold,  at  least  in  ifcs  southern  half. 
The  former  has  a  length  of  about  35  miles  ;^   the  latter,  so  far  as  traced,  measures 
29   miles,  from  its  south-eastern  extremity,  7  miles  S-S-E  of   Bellary.     The 
two  divisions  include  the  highest  elevations  in  the  district,  the  eastern  having 
for  its  culminating  point  the  Sugadevabetta  or   Copper  mountain,  which  attains 
the  height  of  3,148  feet  above  sea  level,  while  the  Sandur  basin  is  surrounded  by 
two  high  ridges  which  unite  to  the  south.     Of  the  two,  the  western  appears  to 
be  rather  the  higher,    and  attains  an  elevation  of  3,256  feet    at  Bamandriig 
and  is  probably  100  or  150  feet  higher  still  a  couple  of  miles  to  the   southward. 
The  height  of  the  two  ridges  is  very  nearly  equal,  and  continues  so  to  near 
the  northern  extremity  of   the  synclinal,   when  the  ground   sinks  rapidly    to 
the  north.     As  seen  from   ik  distance  from  nearly  all  points  the  mountain  mass 
seems  to  form  a  great  plateau,  and  no  one  would,  in  looking  from  a  distance, 
ever  imagine  the  existence  of  the  great  central  valley.     The  valley  is  naturally 

accessible  only  by  three  passes,  one  at  the  north,  close 
b  ^ree'  ^^^  ^°*^"*    ^  Hospett,  called  the  Bamanagundi,  and  the  two  gorges 

cut  by  the  Narihalla  river  through  the  east  and  west 
ridges  respectively.  These  two  gorges  afford  the  best  sections  of  the  central 
part  of  the  synclinal,  and  are  very  beautiful  approaches  to  the  town  of  Sandur, 
which  lies  very  nearly  in  the  middle  of  the  great  central  valley.  Newbold,  in 
his  paper  on  the  Sandur  state,'  gave  a  very  graphic  description  of  the  two 
passes. 

The  section  in  the  western  gorge,  or  Oblagundi,  is  considerably  shorter  than 
that  in  the  eastern  one,  or  Bhimagundi,  but  is  a  better  one  as  the  rocks  are  much 
more  clearly  exposed.  Owing  to  the  great  drought  prevailing  in  the  beginning 
of  last  year,  1885,  I  was  unable  to  camp  in  the  northern  part  of  the  Sandur  valley, 
and  did  not  therefore  succeed  in  making  as  complete  a  survey  of  it  as  necessary  fully 
to  understand  its  structure.  Considerable  inversion  of  the  beds  on  the  eastern 
side  of  the  valley  has  taken  place,  and  I  am  not  quite  certain  hoW  far  this 

^  The  extrome  north  point  lies  Mveral  miles  north-west  of  the  Tnngabhadra  in  the  Nizam's 
Territory,  and  has  not  yet  been  visited. 

*  This  is  a  very  interesting  paper,  and  well  worth  perusal,  for  the  little  Mahratta  State  has 
a  more  interesting  history  than  many  larger  ones  in  the  peninsula. 
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inversion  has  extended  Tvestward.     Wliat  are  probably  the  uppermost  axial 

beds  of  the  sjrnclinal  appear  to  be  dipping  under  what  are  really  much  lower 

members  of  the  system  ;  the  following  section  across  the  synclinal  throngh  tlie  two 

_    ^  gorges  must  therefore   be  accepted  as  preliminary  only. 

Entering  from  the  west  by  the  Oblagandi  gorge,  and 
proceeding  north-eastward,  the  following  succession  of  rocks  is  passed  over;  the 
length  of  the  section  is  a  trifle  over  8  miles. 

1.  Schist,  dark -green,  hornbleudic.  ? 

2.  Schist,  ^Tiiiy^  brownirth  gre^n. 

3.  Haematite  rock,  very  thick. 

4.  Schiflt,  green. 
6.  Hsematite  rock. 

6.  Schist. 

7.  Haematite  rock. 

8.  Argillite  schist,  ferreous,— red,  brown,  and  chocolate. 

9.  Haematite  rock  ;  the  gorge  bed. 

10.  Trap,  contemporaneoas. 

11.  Haematite  rock. 

12.  Trap,  contemporaneous. 
13   Clay  schist. 

14.  Trap,  contemporaneous.     Sandur  flow. 

15.  Schist.  X 

1^.  Haematite  rock  and  schist.    >  Devadara  hill  beds. 

17.  Schist.  ) 

18.  Trap,  contemporaneous.     HoshaUi  flow. 

19.  Haematite  rock. 

20.  Schist.- 

21.  Haematite  rock.    Bliirn  Tirth  bod. 

22.  Schist. 

28.  Haotnatite  rock,  the  gorge  bed, 

24.  Schist,  with  contemporaneous  trap. 

25.  HsDiiiatite  rock. 

26.  Schist. 

27.  Haematite  rock. 

28.  Schist. 

29.  Haematite  rock. 

30.  Schist,  with  contemporaneous  trap. 

31.  Haematite  rock.     Long  cliff  bed. 

82.  Schist,  with  contemporaneous  trap. 

83.  Haematite  rock.     Brccciated  bed. 

84.  Schist. 

85.  Haematite  rock.     Ettinahatti  bed. 

86.  Trap,  contemporaneous. 

As  yet  it  is  not  possible  to  correlate  the  beds  on  the  two  sides  of  the  syncli- 
nal, but  this  may  be  possible  when  they  shall  have  been  followed  up  round  the 
southern  extremity  of  the  basin. 

The  great  haamatite  beds  give  rise  to  many  steep  mural  scarps,  seyeral 
of  which  along  the  eastern  side  of  the  eastern  ridge  are  of  great  height  and 
length,  and  from  their  vivid  red  colour  form  a  splendid  contrast  to  the  patches 
of  rich  green  forest  remaining  at  their  base. 
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Another   instractive  section  of  the  eastern  ridge  was  studied  in  the  ravine 

opening  out  northward,  about  half-way  between  the  Bhima- 
tion*^*^*^  ^^'      g^"idi  gorge  and  the  north-western  end  of  the  ridge  near 

Hospett.  I  will  call  this  the  Papanajkanhalli  ravine, 
after  the  village  nearest  to  it.  Proceeding  downwards  from  south  to  north,  the 
following  series  was  crossed  : — 

15.  Hsematite  rock,  very  jaspideoas,  much  crampled  and  breeciated. 

14.  Trap  ? — a  greatly  decomposed  earthy  lock  of  pnrple  colour. 

13.  HsBinatifce  rock,  very  thick,  brecciat<>d  with  small  quartz  veins. 

12.  Trap? —  an  earthy  green  and  purple  rock. 

11.  Schists,  argillites  P — chocolate,  nnd  sometimes  lavender  coloured. 

10.  Schists,  green  chloritic  P — a  g^eat  thickuess. 

9.  Hsematite  rock,  a  thin  poor  bed. 

8.  Schists,  green. 

7.  Trappoid  rock,  black. 

6.  Schists,  dark,  nearly  vertical.        ^ 

6.  Slates,  greenish,  badly  cleaved. 

4.  Schists,  green,  silky  texture. 

8.  Schists,  green,  coarse. 
2.  Hematite  rock,  poor. 

Gap.  ; 

1.  Schist,  dark. 
Talus. 

Bed  15  forms  the  western  scarp  of  the  ridge  overhanging  the  central  valley 

opposite  to  Hunshahuti, 

The  section  across  the  western  ridge  at  Bamandrug  obtained  by  following  the 

_         ,  ^         ,.  ghit  road  leadincr  up  the  western  slope  shows  the  fol- 

Bamandrdg  section.  r      .  .  °      *^  ^ 

lowing  senes«t — 

8.  Schists. 

7.  Haematite  rock,  rather  shaley  in  parts. 

6.  Schists,  chocolate  to  red  in  colour,  very  ferrcous. 

6.  Hsematite  rock.    Prospect  point  bed. 

4.  Schists,  dark  greenish  and  blackish,  passing  into  clay  slate  locally. 

8.  Hsematite  rock. 

2.  Schists,  dark  and  light  green. 
1.  Quartzite,  much  altered. 
Gneiss. 

On  the  eastern  slope  the  succession  of  rocks  is  continued  as  follows  in  ascend- 
ing order  stratigraphically,  but  descending  order  topographically: — • 

9.  Hsematite  rock.     "  Red-cliff  '*  scarp. 

10.  Argillites. 

11.  Trappoid  rock,  black,  contemporaneous. 

12.  Hsematite  rock«  in  first  low  ridge,  shaley  in  parts. 

13.  Triip,  dark-green,  contemporaneous. 

14.  Argillite,  red,  ferreous. 

15.  Trap,  pale-green. 

16.  Schists,  green  ?— bomblendic  ? 

17.  Trap,  contemporaneous. 

The  eastern  section  is  by  no  means  clear,  the  slopes  being  very  largely  hidden  by 
lieBmatite  debris. 
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Afi  before  mentioned,  it  is  not  jet  feasible  to  correlate  the  several  formations 

on  the  opposite  sides  of  the  synclinal,  the  section  at  the 
weftern  'sections'         *     northern  end  being  very  obscure  and  nnsatisfactory,  while 

that  at  the  southern  end  has  not  jet  been  studied  in 
detail.  Some  of  the  leading  beds  in  the  Ramandriig  section  maj,  however,  be 
identified  with  some  in  the  Oblagundi  gorge,  the  western  end  of  the  Sandnr 
section.  For  example,  the  lowest  hematite  of  the  Bamandrfig  section  (bed  No.  3) 
corresponds  with  bed  No.  3  of  the  Sandur  section.  *'  Prospect  point "  haematite 
bed  on  Bamandriig  can  easily  be  traced  by  the  eye  along  the  flank  of  the  ridge 
into  the  Oblagundi  gorge,  where  it  forms  bed  No.  7.  No,  9,  the  "  Red  cliff " 
haamatite  bed  of  Bamandriig,  continues  southward  and  forms  the  gorge  bed  No.  9 
of  the  Oblagundi  gorge.  The  hasmatite  No.  12,  and  the  contemporaneous  trap 
No.  13  of  the  Bamandrfig  section  correspond  with  Nos.  11  and  12,  respectively, 
of  the  Sandur  section.  Beyond  these  I  am  not  prepared  as  yet  to  regard  any 
correlations  as  established. 

The  extreme  north  end  of  the  eastern  ridge  appears  to  be  cut  oft  byafanlt 

on  the  north  side  of  the  Hospett  hill,  but  unfortunately  i^e 
^^orth  end  of  synclinal      y^^  ^f  ^^^  j^yi  j^  completely  obscured  by  talus  and  thick 

soil,  so  the  fault  is  hard  to  prove. 

The  north  extremity  of  the  western  or  Bamandriig  ridge  is  also  very  obscure 
from  the  great  haematite  talus  covering  its  sides.  The  haematite  beds  are  inverted, 
and  are  cut  off  to  the  north  by  a  fault,  or,  what  is  less  probable,  die  out  abmptly. 
Anyhow  I  could  not  trace  them  across  the  bed  of  the  Tungabhadra,  where 
the  Dharwars  are  represented  only  by  massive  homblendic  rock.  These  horn- 
blendic  rocks  form  a  great  baorier  in  the  river,  and  give  rise  to  a  formidable  rapid 
when  the  river  is  at  half  flood.  It  is  quite  impassable  by  fording,  and  no  boat 
wiELS  to  be  got,  so  I  was  unable  to  follow  the  rocks  into  the  Nizam's  territory  across 
the  river.  The  Dharwars  are  seen  to  form  some  low  hills  which  stretch  away 
several  miles  to  the  north-west. 

The  haematitio  talus,  which  is  almost  everywhere  a  very  remarkable  feature 

„       i..x  ..  1  alon^  the  base  of  the  Sandur  and  other  hills  of  Dharwar 

Hsematite  taloses.  ...  .      • 

age,  completely  conceals  the  junction  with  the  gneiss  for 

a  distance  of  13  miles  along  the  western  slope. 

The  boundary  then  trends  a  little  more  to  the  south  and  gets  away  from  the 
haematite  talus,  and  the  basement  beds  can  be  seen  resting  on  the  rugged  surface 
of  the  gneiss  and  lapping  round  the  various  inequalities.  The  basement  beds 
consist  of  very  coarse,  gritty,  homblendic,  micaceous  and  chloritic  schists,  pass- 
ing here  and  there  into  coarse,  gritty  quartzite  sandstone,  or,  more  rarely,  into 
coarse,  gritty  talcose  schist.  Owing  to  the  hummocky  character  of  the  underlying 
granite-gneiss  surface,  the  edge  of  the  boundary  between  it  and  the  Dharwars  is 
extremely  rugged.    This  feature  cannot  be  shown,  however,  on  a  small  scale  map. 

Much  less  haematite  talus  is  seen  along  the  southern  slope   of  the  Sandnr 

basin  than  on  the  eastern  and  western  slopes,  but  there 
temice      ^  'o"^"&  *     are  some  very  interesting  remains  of  an  older  talus  form. 

ing  a  terrace  at  an  elevation  of  150  to  200  feet  abore  the 
present  base  of  the  slope.    This  terrace,  which  is  very  sharply  cut,  and  a  conspicu- 
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ons  feature  in  the  landscape  especially  as  seen  from  the  north-west  and 
west,  extends  for  about  3  miles  along  the  side  of  the  Komaraswami  (Comar- 
samy)  plateau,  as  this  part  of  the  Sandnr  gronp  is  called  after  the  famous 
temple  of  that  name  which  stands  in  a  ravine  on  the  northern  side  of  the  plateau. 
The  greatest  width  of  the  terrace  is  about  f  of  a  mile,  and  it  slopes  up  gently  but 
increasingly  northward.  The  thickness  of  the  hssmatitic  mass  composing  the 
terrace  is  not  great,  and  where  seen  along  the  edges  nowhere  exceeds  15  or  20 
feet.  The  mass  is  much  lateritized  by  the  action  of  percolating  water,  and 
shows  much  pisolitic  structure  and  vermicular  tubulation,  but  was  purely  hasm- 
atitic  as  far  as  my  examination  went.  It  rests  upon  a  highly  decomposed 
surface  of  granite  gneiss.  It  is  evidently  of  great  age,  as  two  outliers  of  it  occur 
on  detached  hills  which  have  been  separated  from  the  main  mass  by  denudation 
extending  to  a  depth  of  considerably  over  100  feet  into  the  underlying  granitoid 
rocks. 

The  extreme  south  end  of  the  Sandur  synclinal  shows  thin  beds  of  hom- 

blendic  and  micaceous  schists,  gritty  ferruginous  clay- 
Sonth  end  of  synclinal.  ,  .  .  ,  ,  ...  i    /  i        a  *   -x  \        \ 

^  schists,  and  poor  hsematite  rock  (almost  a  quartzite),  rest- 

ing unconformably  on  massive  banded  grey  granite  gneiss,  which  has,  as  usual,  a 
very  rugged  surface. 

The  Madras  Government  has  leased  the  greater  part  of  the  forest  tract  on  the 
Sandur  hills  from  the  Rajah,  and  stopped  all  jungle  fires.  Thanks  to  this,  the 
hills  yielded  an  inexhaustible  supply  of  jungle  g^^ass  which  was  the  only  food  for 
cattle  procurable  in  that  part  during  the  terribly  dry  months  before  the  advent 
of  the  south-west  monsoon  of  1885. 

The  Intrusive  Bocks. 

The  intrusive  rocks  form  no  mean  feature  in  the  landscape  of  many  parts  of 
our  area,  and  cannot  be  overlooked  even  in  a  brief  description  of  its  geology. 
They  are  of  two  classes,  trappean  and  granitic,  the  latter  being  in  all  probability 
the  older  in  all  cases. 

The  granitic  intrusions  are  of  much  less  magnitude  and  importance  than  the 
.  .       .  trappean,  and  much  less  widely  distributed.     The  princi- 

pal centre  of  occurrence  for  the  former  is  in  the  rocky 
hills  lying  west  of  Gooty ;  they  are  not  well  marked  as  a  rule.  Here  the  granite 
gneiss,  and  further  south  the  banded  homblendic  gneiss,  is  greatly  cut  up  by  red 
pistacite  granite  in  very  irregular  veins  of  all  sizes. 

The  granite  is  a  ternary  rock  consisting  of  white  quartz,  red  or  pink,  ortho- 
clase  and  bright  green  pistacite  (epidote).  Besides  the  numerous  red  granite 
veins,  the  banded  homblendic  gneiss  near  Wadjra  Karur  is  much  seamed  by 
small  and  very  irregular  veins  of  a  close-grained  grey  or  drab,  veins  of  which 
are  often  anastomosing  to  a  remarkable  extent.  Query — Are  these  not  veins  of 
segregation  P 

In  the  coarse  varieties  of  granite  gneiss  in  the  western  part  of  our  axea^  in- 

trusive  granite  veins  are  not  at  all  common,  but  veins  of 
Pdffmatite  veins  in  gneiss  x«x    j     •     j  ^       j.t.  i 

^  ^  pegmatite  derived  from  the  gneissic  mass  by  segregation 

are  veiy  common,  but  too  small  and  irregular,  as  a  rule,  to  demand  any  notice. 
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A  few  veins  of  good  size  of  intrusive  granite  were  noticed  in  the  Dharwar 

area  at  the  spot  where  they  are  exposed  in  the  bed  of  the 
^       '       Tungabhadra.     They  are  rather   pegmatitic   in  texture 
and  composition  bat  well-defined.     Many  parts  of  the  surface  are  highly  polished 
by  the  action  of  the  water  during  the  south-west  monsoon  floods. 

Trap-dykes  are  of  very  common  occurrence  throughout  our  area,  and,  with 

very  few  and  unimportant  exceptions,  consist  of  dark- 
^  ^     *  green  or  blackish  diorite,  which  is  generally  homogeneous 

in  texture,  but  now  and  then  markedly  porphyritic.  Their  prevalent  strike  ii 
N-W-by-W,  S-B-by-E,  with  slight  variations  to  north  and  south.  Dykes 
having  a  N-W  to  S*E  course  are  not  common,  and  the  same  may  be  said  of 
those  having  an  E.  to  W.  course.  Only  a  moderate  number  of  dykes  have  a 
north-easterly  course,  and  only  one  or  two  have  a  north  and  south  strike.  A 
great  many  more  exist  than  have  been  mapped,  their  courses  not  being  traceable 
under  the  great  spreads  of  cotton  soil.  It  is  very  common  to  come  across  a  block 
or  two  of  trap  peeping  up  through  the  regur,  but  it  is  impossible,  unless  there  is 
a  fair  outcrop,  to  ascertain  the  strike  and  dimensions.  There  are  four  centres 
where  the  number  of  dykes  is  great  :— 

(a)  The  hilly  tract  between  Gooty  and  the  eastern  edge  of  the  great  Bellary  plain. 
(6)  The  hilly  country  on  the  banks  of  the  Penn^r  at  IJdarapi  (Ooderpee)  Drug, 
(c)  The  Copper  hills  synclinal  ridge,  and  the  gneissic  tracts  on  both  sides  of  it. 
(c2)  The  gneissic  tract  between  the  north  side  of  the  Sandur  synclinal  basin  and 
the  Tungabhadra, 

Some  few  dykes  cut  through  the  Dharwar  rocks  as  well  as  the  gneiss,  but 
they  offer  no  special  characters  by  which  to  infer  that  they  belong  to  either 
series,  except  in  two  cases  where  they  are  very  markedly  different  from  the 
normal  type  of  the  old  dykes.    In  both  these  cases  the  abnormal  trap  is  so  highly 

charged  with  blebs  of  a  creamy  white  felspar  in  a  dark  green 
^       ^'  matrix,  that  the  rock  at  a  little  distance  strongly  resem- 

bles a  coarse  pudding-stone.  Three  large  dykes  of  this  blotchy  type  occur  close 
together  in  the  centre  of  the  Penn6r-Haggari  band  of  Dharwar  rocks,  4  miles 
to  the  south  of  the  Virapur  station  of  the  Madras  Railway.  A  tiny  outcrop 
of  a  precisely  similar  trap  occurs  at  Chaganur,  on  the  left  bank  of  the  Haggari, 
8^  miles  E.-by-N.  of  Bellary.  Several  of  the  larger  dykes  form  at  intervals  strik- 
ing black  ri(^s  which  rise  from  the  plain  to  a  considerable  height,  sometimes  as 
much  as  200  to  300  feet.  No  accessory  minerals  of  any  interest  were  observed 
in  any  of  the  dykes. 

Qwirtz  Eeefa, 

Quartz  reefs,  though  not  so  common  as  in  the  neighbourhood  of  Anantapur 
and  Gooty,  are  by  no  means  wanting  in  our  area  ;  they  mostly  run  N-W-by-W 
to  S-E-by-E.  A  very  fine  triple  set  crests  a  big  hill  immediately  north  of  the 
Pattukotta  Cheruvu  Railway  station  between  G  >  y  and  the  Guntakul  junction. 
Two  very  conspicuous  reefs  form  the  crests  of  the  Telia  Konda  and  Ragulpad 
ridges  south-east  and  south-west,  respectively,  of  Wad jra  Karur.  Two  important 
and  conspicuous  reefs  form  big  ridges  to  the  south-west  and  west  of  Bellaiy.    A 
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group  of  three  reefs  of  large  size  rises  to  the  east  of  Kamalapur  in  the  Hospett 
ialnq,  and  forms  the  crest  of  two  big  hills.  And,  lastly,  a  very  large  and  thick 
reef  shows  in  Niddagnrti  hill,  8  miles  S-W-by-W  of  Sandnr  town,  and  extends 
6  or  7  miles  W-N-W,  rising  into  a  considerable  hill  in  the  middle  of  its  course. 

The  Tuff -agglomerate  at  Wadjra  Karur. 

Wadjra  Karur  has  for  so  long  a  time  been  famous  for  its  yield  of  good 
diamonds  that  it  has  naturally  attracted  the  attention  of  diamond  merchants  as 
well  as  speculators.  All  have  been  anxious  to  find  out  whence  the'diamonds  came.; 
bat  the  question  would  not  and  could  not  be  answered.     A  remarkable  formation 

of  agglomerated  tuff  appears  in  a  "neck,'*  piercing  the 
highly  epidotic  granite  gneiss   lying  west  of  the  town. 
This  tuff  bears  a  striking  resemblance  to  some  of  the  matrix  rock  at  the  diamond- 
diggings  at  Kimberley  in  South  Africa,  and  attracted  the 
®  attention  of  somebody  having  a  knowledge  of  the  ALfrican 

mines.  A  company  was  thereupon  got  up  to  prospect  it  thoroughly,  and  this  was 
very  ably  carried  out  by  Mr.  Copley,  an  experienced  diamond-digger  from 
Kimberley.  In  partnership  with  Mr.  R.  Q.  Orr  (the  very  enterprizing  senior 
partner  of  the  large  Madras  jewellers'  firm  of  P.  Orr  and  Sons)  and  others, 
Mr.  Copley  made  deep  sinkings  in  different  parts  of  the  neck  and  passed  a  very 
large  quantity  of  promising-looking  material  through  the  veiy  perfect  washing 
machinery  set  up.  Unfortunately  the  results  were  nil.  This  is  much  to  be 
regretted ;  for,  had  diamonds  been  found  in  the  tuff,  it  would  have  settled  the 
question  as  to  at  least  one  original  source  for  them  in  South  India.  Mr.  Orr 
and  his  partners  were  worthy  of  every  success  for  the  very  spirited  and  thorough 
way  they  went  to  work  in  the  matter. 

Mr.  Copley  was  most  courteous  and  obliging  in  allowing  me  to  see  and 
examine  all  his  workings  and  to  take  whatever  specimens  I  wished.  His  pros- 
pecting, though  unfortunately  so  resultless  to  himself  and  his  partners,  was  a  great 
blessing  to  a  large  number  of  labourers  who  could  have  got  no  other  work,  because 
the  terrible  drought  had  stopped  all  agricultural  work  early  in  1885.  I  made  a  very 
careful  study  of  the  tuff  "  neck,"  and  its  surroundings,  but  could  obtain  no  evidence 
whatever  as  to  its  geological  age.  This  is  much  to  be  regretted,  as  it  is  so  far  the 
only  example  of  the  kind  known  in  South  India.  The  neck  is  of  considerable 
size  and  covers  an  area  of  several  acres,  but  is  much  obscured  by  gneissic  debris. 
The  tuff  being  much  softer  than  the  surrounding  gneiss,  its  surface  has  been 
worn  into  a  hollow  forming  the  head  of  the  little  valley  across  which  a  little 
further  S.-E.  stands  the  small  town  of  Wadjra  Karur.  Here  and  there  the  tuff 
assumes  the  character  of  an  agglomerate,  enclosing  a  moderate  number  of  small 
and  large  angular  masses  of  the  epidotic  granite  gneiss  through  which  the  '^  neck  " 
was  protruded.     Enclosures  of  no  other  rock  were  seen. 

Not  the  faintest  particle  of  carbonaceous  matter  is  to  be  seen  either  in  the 

tuff  or  the  granite  gneiss,  and  it  is  impossible  not  to  attri- 

ce^^^tt^.*^^  ''"'^"*'     ^^^  ^  **^^»  *^®  »^®^^®  ^^  diamonds.     Had  the  «  neck  " 

passed  through  highly  carbonaceous  shales  as  was  the  case 

at  Kimberley,  diamonds  would  probably  have  been  formed  in  abundance. 
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That  diamonds  have  been  and  are  from  time  to  time  found  at  and  aronnd 
Wadjra  Karnr  cannot  be  doubted,  unless  it  be  assumed  that  "  all  men  (of  that  ilk) 
are  liars."  I  had  at  least  half  a  dozen  spots  in  the  adjoining  fields  pointed  out  to 
me  where  fine  stones  had  been  found  by  men  now  living  in  the  town,  some  by  pure 
acci4ent,  others  by  men  of  Bohemian  tendencies,  who  make  a  point  of  wandenng* 
over  the  country  after  every  fall  of  rain  in  the  hope  of  seeing  the  glint  of  a 
diamond  washed  clean  by  the  rain. 

I  devoted  some  days  to  wandering  over  the  neighbourhood  looking  after 

traces  of  old  gravels  from  which  the  diamonds  might  have 
^eu  °  ^^"^^^  ^^  °^^  ^™       ^^^  derived,  but  was  utterly  unsuccessful  whether  in  the 

bare  gneiss  country  east  and  south  of  the  place  or  on  the 
regur  spread  north  and  west  of  it.     Even  in  the  old  diamond-diggings  west  of  the 
town  I  had  no  better  success.     I  only  got  three  or  four  really  water- worn  pebbles  of 
dirty  reddish-brown  quartz  which  might  have  come  accidentally  from  any  neigh> 
bouring  stream.     All  else  was  angular  or  weathered  gneiss  debris  derived  from  the 
immediate  neighbourhood.     I  had  hoped  I  might   get  evidence  of  the  former 
existence  of  gravels  formed  by   disintegration  of  old  conglomerate  beds  which 
formerly  existed  in  the  neighbourhood,  for  it  requires  no  very  g^reat  stretch  of 
imagination  to  conceive  that  the  conglomerates  of  the  Kadapa  and  KaJadgi  forma- 
tions once  covered  the  area  now  intervening  between  their  respective  basins  and 
extended  even  much  further  south.     The  basement  conglomerate  of  the  Elamol 
series  which  is  known  to  contain  diamonds  in  various  places  might  also  have 
extended  over  the  Bellary  and  Anantapur  plains  in  former  geological  periods  and 
been  denuded  away,  leaving-  a  few  diamonds  behind  as  their  very  last  remains.     No 
proof  of  this  was  obtained,  and  the  question  as  to  wh^ice  come  the  Wadjra  Kju-ur 
diamonds  remains  unanswered.     I  did  not  accept  only  the  mere  statements  as  to 
the  finding  of  diamonds  there  made  to  me  personally  by  the  local  natives,  but  was 
assured  both  by  Mr.  B.  S.  Orr,  and  by  Mr.  Matthew  Abraham  of  Bellazy,  well 
known  as  a  diamond  merchant  and  cutter,  that  they  have  repeatedly  withia  the 
last  few  years  bought  good  stones  found  there  or  close  by.    According  to  the 
statements  made  in  the  Bellary  District  Manual,'  the  diamond  industry  was  far 
more  important  during  last  century  than  at  present.     Mr.  B.  S.  Orr  has  now  a 
Wadjra  Karur  diamond  for  sale  valued  at  more  than  £10,000.     It  is  a  large  and 
remarkably  fine  stone. 

Soil  and  superficial  deposits. 

There  is  nothing  of  novelty  or  special  importance  to  say  of  these,  so  I  will 
defer  their  description  for  the  final  memoir. 

Economic  Geology. 

The  economic  geology  of  our  tract  is  of  very  small  interest  and  importance. 
Nothing  but  building  stone  appears  to  be  raised  now.  The  old  iron  industry  is 
nearly  extinct.  Some  hssmatite  is  however  still  quarried  at  the  north  end  of  the 
northern  ridge  and  smelted  at  E^amalapur  to  be  converted  into  the  large  iron 

^  Written  before  the  division  of  the  old  Bellary  District,  by  Mr.  John  Kelsall  of  the  Madns 
Civil  Service. 
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d  tbere  and  elsewhere  in  the  district  for  boiling  down  sngarcane  juice. 
18  forest  coxiseryancy,  now  energetically  carried  ont^  sncoeed  in  re-a- 
ihe  Sandur  hills,  and  reducing  the  present  high  price  of  charcoal,  it  is 
tat  the  old  indnstry  in  the  way  of  charcoal  iron  might  revive,  the  supply 
d  heematite  ore  being  abeolntely  unlimited^ 

0  is  made  at  present  of  the  splendid  riband  jaspers  so  largely  developed 
irth-eastem  ridge  of  the  Sandnr  hills,  bat  they  would  supply  exquisite 
Eor  Mosaic  work  in  ^*  pietri  duri,"  as  would  also  some  of  the  rich  green 
f  gneiss  found  on  the  south  side  of  the  Nimchary  hills  south  of  Bellary. 


l/*  the  Upper  Dehing  basin  in  the  Singpho  Hills,  by  Tom  D.  La  Toughs, 
B.A.,  Qeological  Survey  of  India.     (With  a  map.) 

kortion  of  the  Singpho  hills  surveyed  by  the  expedition  under  Colonel 
jlrpe,  B.E.,  during  the  season  1884-85,  includes  the  whole  basin  of  the 
^ver,  which  enters  the  plains  at  the  village  of  Bishi  about  60  miles  S.-E.  of 
I    The  nearest  area  to  this  valley  that  had  been  geologically  examined  previ- 
fB  the  Makum  coal-field,  about  45  miles  to  the  west  of  Bishi,  which  was  de- 
fend mapped  by  Mr.  Mallet  in  1875.'     The  rocks  there  were  found  to  be  of 
age,  and  were  divided  by  Mr.  Mallet  into  four  principal  groups,  called 
rely,  in  descending  order,  Dehing,  Tipam,  Goal  Measures,  and  Disang. 
[p,  as  a  rule^  in  towards  the  main  axis  of  the  hills,  and  are  travers- 
great  fault,  running  parallel  with  the  base  of  the  hills,  with  an  up. 
the  south,  whereby  the  Disang  group  has  been  brought  into  contact 
le  Tipam  group,  and  the  coal  measures  have  been  brought  to  the  sur- 
^his  fault  apparently  dies  out  towards  the  east,  as  though  I  found  the 
measures  on  the  lower  slopes  of  Miaobdm  to  the  south  of  Bishi,  I  could 
traces  of  the  Disang  group  between  the  plains  and  the  summit  of  the 
The  coal  measures  on  Miaobtun  were  conformably  overlaid  by  rocks 
correspond  to  Mr.  Mallet's  description  of  the  Tipam  group,  except  thai 
mtainednone  of  the  fragments  of  silicified  wood  which  he  describes  as  occur- 
the  Tipam  sandstones. 

tile  the  expedition  was  waiting  near  Bishi  till  supplies  could  be  collected 
advance  up  the  valley  of  the  Dehing,  I  made  an  excursion,  with  Mr.  Ogle 
Survey,  to  Maium  (6,900  feet),  the  last  high  peak  of  the  Patkoi  range 
the  east.  On  first  entering  the  hills,  in  the  valley  of  the  Namg^i,  I  observ- 
le  sandy  shales  dipping  east  at  about  30°,  and  some  large  fragments  of  coal 
on  the  shingle  in  the  bed  of  the  stream,  but  I  did  not  find  any  of  the  coal 
I  imagine  we  must  have  struck  the  hills  within  the  boundary  of  the  prin- 
seams,  as  coal  is  said  to  occur  in  the  Namphuk  some  distance  below  the 
ion  of  the  Namgoi.  On  the  lower  slopes  of  Maium  similar  sandy  shales 
»ped  out,  striking  N-E  and  S-W,  vertical  or  highly  inclined,  but  between 
and  the  top  of  the  hill  I  could  find  no  sections.  At  the  summit  the 
were  quite  horizontal,  oonsisting  of  thick-bedded  yellowish-brown  sand- 
les,  in  one  place  containing  a  seam  of  coal,  8  inches  thick,  resting  on  shale. 

>  Mom.  Qeol.  8arv.  Ind.,  vol.  xii,  pt.  2. 
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These  rocks  probably  represent  the  Tipam  group  in  the  Makom  area,  but  tiieir 
relation  to  the  highly  inclined  rocks  at  the  foot  of  the  hill  could  not  be  seen. 
They  are  probably  conformable,  the  rocks  below  bending  so  as  to  underlie  thoM 
of  the  summit.  Thus  the  Patkoi  at  this  extremity  is  composed  entirely  of 
tertiary  rocks,  like  its  south-westerly  extension  the  Barail  range,  in  the  North 
Gachar  hills. 

From  Maium  the  range  could  be  traced  for  about  30  miles  to  the  E-X-E,  | 
but  at  a  much  lower  elevation,  still  forming  the  principal  watershed.  After  which 
the  N-E  to  S- W,  line  of  disturbance  of  the  Patkoi  apparently  becomes  coincident 
with  that  parallel  to  the  Dapha  and  Phungan  ranges.  A  line  view  was  also 
obtained  of  the  Nongyong  lake  lying  close  under  the  ridge  to  the  S-E,  and  sar- 
rounded  by  a  large  tract  of  level  grass  or  reed-covered  ground  stretching  far  to 
the  south. 

On  Maioblm  the  rocks  were  on  the  whole  similar  to  those  on  Maium,  with  a 
general  easterly  dip ;  but  here  the  lower  portion  contained  two  seams  of  coal.  Of 
these,  the  lower  one  lies  at  an  elevation  of  about  1,300  feet  above  the  Dehing  and 
about  1^  miles  from  it :  3  feet  of  coal  is  seen  dipping  to  S-E,  at  20°,  resting  on 
soft  clayey  shale.  The  upper  seam  is  500  feet  higher  up  the  hill,  and  here  6  feet 
of  coal  are  exposed,  but  the  seam  is  probably  a  good  deal  thicker,  as  fragments 
of  coal  occur  in  the  jungle  for  some  distance  above  the  outcrop.  The  coal  in  both 
seams  is  hard  with  a  bright  fracture.  Close  to  the  outcrop  of  the  lower  seam 
is  a  small  pool  in  which  bubbles  of  inflammable  gas  are  constantly  risrog,  and 
several  pUngs^  or  springs,  much  resorted  to  by  wild  elephants  occur  between  the 
two  seams.  Further  up  towards  the  top  of  the  hill  the  rock,  which  is  exposed 
here  and  there,  is  a  generally  coarse  thick-bedded  sandstone,  sometimes  conglo- 
meritic,  and  occasionally  false-bedded,  dipping  to  £,  at  from  30  to  40  degrees. 
At  Bishi,  on  the  Dehing,  similar  sandstones  occur,  forming  clifEs  about  300  ieei 
high,  extending  along  the  right  bank  of  the  river  for  about  half  a  mile.  These  dip 
to  N-E,  at  54°.  Between  this  and  the  Dapha  river,  about  20  miles  further  east, 
no  rock  in  situ  was  met  with,  the  country  being  generally  covered  with  drift. 

While  crossing  the  Nchongbdm,  between  the  Dungan  stream  and  the 
Dapha,  we  camped  close  to  the  hot  spring  mentioned  by  Mr.  S.  E.  Peal.^  The 
temperature  of  the  spring  was  89**  F.  (air  temperature jSO"  F.)  and  height  above 
sea-level  about  2,200  feet.  I  found  that  very  little  water  was  thrown  out  by  the 
spring,  though  Mr.  Peal  says  that  about  50  gallons  per  minute  rise,  and  at  first 
sight  it  appears  as  though  a  large  amount  were  coming  up,  as  it  rises  in  a  jet 
some  8  inches  high.  This,  as  I  found  by  the  application  of  a  light,  is  caused  by 
the  evolution  of  a  considerable  quantity  of  gas,  which  took  fire  and  burnt  with  a 
flame  some  3  or  4  feet  high,  giving  out  an  odour  of  burnt  petroleum. 

At  the  mouth  of  the  Dapha,  and  for  some  distance  up  the  Dehing,  thick-bedded 
sandstones  with  an  B-S-E  to  W-N-W  strike  occur,  dipping  at  about  45°  to  S- 
S.-W.,  and  resting  on  blue  clays  which  are  exposed  at  the  foot  of  the  terrace  on 
the  east  bank  of  the  Dapha.  About  7  miles  up  the  Dehing  cliffs  of  blue  sandy 
clay  are  exposed  on  the  north  bank  striking  N.-E.,  the  strike  bending  round  to  E, 
about  a  mile  further  on,  and  the  dip  varying  from  50  to  30  degrees,  to  N.    These 

>  Jour.  Ab.  Soc.  Beng.,  vol.  lii,  pt.  2,  p.  46. 
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l>eda  contain  numerous  lenticular  maflses  of  fine-grained  very  soft  brown  sand- 
stones and  occasional  bands  of  coaly  shale,  in  one  place  about  3  feet  thick.  This 
is  the  coal  mentioned  by  Wilcox  in  .his  account  of  his  expedition  to  the  Irawadi 
in  1828  ^ ;  it  is  an  impure  lignite.  Beyond  this  the  general  strike  of  the  rocks  is 
'W-N-W  to  B-S-E,  the  river  flowing  along  the  strike.  Sandstones,  generally 
coarse  and  soft,  but  sometimes  hard  and  fine-grained,  are  the  prevailing  rocks,  con- 
tainingmany  strings  and  bands  of  pebbles,  with  many  fragments  of  lignite  and  occa- 
sional beds  of  blue  and  red  shales.     They  are  usually  vertical  or  dip  at  high  angles. 

At  one  place,  about  7  miles  below  Kumki,'  I  observed  two  very  large  masses  of 
gneiss  extending  nearly  across  the  bed  of  the  river,  and  apparently  in  situ.  On 
tlie  eastern  side  of  them  the  strike  of  the  sandstones  was  reversed  to  N-E  for  a 
short  distance.  If  this  gneiss  is  really  in  situ  it  is  the  only  instance  of  crystalline 
rock  that  I  met  with  in  the  whole  valley  of  the  Dehing.  It  is  a  strongly  foliated 
liomblendic  gneiss,  some  portions  of  it  containing  garnets.  Beyond  this  the  rocks 
resume  their  E-S-E  strike  as  far  as  the  village  of  Eumki.  This  village  is 
situated  in  a  level  alluvial  plain  about  2  miles  long  by  1  broad,  which  must  during 
the  rains  be  almost  covered  with  water.  It  has  been  formed  apparently  by  the 
action  of  a  small  stream,  the  Takhut  Kha,  which  joins  the  Dehing  from  the  south. 

While  at  Kumki  an  excursion  was  made  to  Biaobfim,  a  point  about  7,000  feet 
above  sea-level,  on  a  ridge  about  10  miles  to  the  south.  The  rocks,  wherever 
sections  could  be  obtained,  were  sandstones  striking  E.  and  W.  On-Biaobdm 
they  formed  scarps  from  200  to  300  feet  high,  with  precipitous  faces  towards  the 
south,  running  diagonally  from  N-W  to  S-E  across  the  general  direction  of  the 
ridge.  From  Biaobdm  a  view  was  obtained  down  the  Thurong  Kong  valley  to 
the  south.  The  hills,  from  the  scarped  appearance  of  their  summits,  were  appar- 
ently formed  of  similar  sandstones,  and  were  covered  with  dense  jungle.  Due 
south,  on  the  other  side  of  the  Thurong  Kong,  was  a  range  of  snow-covered  hiUs 
with  exceedingly  jagged  summits,  probably  crystalline,  running  N-E  to  S-W. 

Beyond  Kumki  sandstones  continue  for  about  4t  miles  up  the  Dehing,  when 
the  valley  opens  out  again  into  a  level  ^  pat&r,'  about  7  or  8  miles  long  and  from  2 
to  3  broad.  This  is  entirely  covered  by  drift,  but  in  one  or  two  places  patches  of 
blue  clay  were  exposed.  This  rock,  being  softer  and  more  easily  eroded  than  the 
sandstones,  would  account  for  the  excavation  of  this  large  open  plain.  Beyond 
this  the  valley  again  closes  in  and  sandstones  continue,  with  a  general  east  and 
west  strike,  but  very  variable,  to  the  foot  of  the  hills  leading  up  to  the  pass  over 
the  watershed  between  the  Dehing  and  the  Irawadi.  On  these  hills  numerous 
angular  fragments  of  schistose  quartzite  were  found,  but  I  could  find  no  sections. 
Further  on,  about  a  mile  below  the  top  of  the  pass,  fine-grained  fissile  slates  were 
exposed,  striking  N-N-W,  and  dipping  to  W-S-W  at  50*.  This  rock,  with 
coarser  hard  gritty  bands,  continued  up  to  and  beyoild  the  summit  of  the  pass,  a 
section  near  the  top  giving  the  strike  W-by-N,  and  another  beyond  it,  east  and 
west,  with  a  dip  of  45°  to  north.  The  highest  portions  of  the  range  above  the 
pass  are  apparently  formed  of  gneiss,  as  the  torrents  bring  down  boulders  and 
pebbles  of  it  from  above. 

'  Asiatic  Researches,  vol.  xvii,  pp.  822,  &c. 
'  Kunk  (bj  mistake)  on  map, 
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It  will  thus  be  seen  tHat  the  whole  of  the  valley  of  the  Dehing,  and  probably 
a  large  extent  of  conntry  to  the  south  of  it,  are  formed  of  rocks  corresponding 
exactly  to  the  higher  tertiary  beds  of  Assam,  and  altogether  of  a  Sub-Himalayan 
type.  Throughout  the  valley  (with  the  exception  of  the  doubtful  outcrop  of  gneiss 
below  Kumki)  no  older  rocks  whatever  occur,  and  the  band  of  *  axials'  and  cre- 
taceous rocks,  which  extends  in  this  direction  from  Arakan,  and  was  found  l^ 
Mr.  Oldham  ^  in  the  east  of  Manipur,  converging  on  the  Barail  and  Patkoi,  has 
been  entirely  buried  beneath  the  tertiaries.  In  the  area  described  by  Mr. 
Oldham,  he  found  that  upper  tertiary  rocks  encroached  more  and  more  on  the 
older  rocks  as  they  extended  northwards,  and  my  observations  show  that  this 
feature  has  become  completed  still  further  north. 

I  was  unable  to  examine  any  of  the  higher  hills  to  the  north  of  the  Dehing, 
where  it  is  possible  that  representatives  of  the  Arakan  rocks  might  be  found 
between  the  tertiaries  and  the  gneiss  of  the  highest  peaks  ;  and  indeed  it  appears 
likely  that  such  would  be  the  case,  as  large  numbers  of  blocks  of  serpentine 
are  brought  down  by  the  Dehing.  This  rock  is  intrusive  in  the  '  axials'  of  Arakan, 
and  was  found  well  developed  in  Manipur,  forming  a  dyke  running  north.  Since 
I  found  none  of  it  in  situ  at  the  head  of  the  Dehing,  it  must  be  brought  down 
from  the  higher  hills  to  the  north  of  the  river.  As  to  the  age  of  the  slates  and 
quartzites  at  the  head  of  the  Dehing,  I  can  form  no  opinion,  as  no  fossils  were 
found  in  them,  and  no  sections  showing  their  relation  to  the  tertiaries.  Nor  did 
I  find  any  fossils  whatever  in  the  tertiaries. 

The  most  striking  feature  in  the  valley  of  the  Dehing  are  the  numerous 

terraces  of  drift,  which  are  seen  in  many  places  at  various  elevations  above  the 

present  level  of  the  river.     They  are  entirely  composed  of  very  coarse  drift  with 

well-rounded  boulders  both  of  sandstones  from  the  tertiaries,  and  of  crystalline 

rocks,  principally  gneiss.    They  are  most  conspicuous  on  the  east  bank  of  the 

Dapha ;  and  Mr.  Peal,  in  his  account  of  his  journey  up  to  the  Dapha,  gives  an 

admirable  sketch  of  the  lowest  terrace  overhanging  the  river.     This  terrace  is 

250  feet  high,  and  above  it  are  two  others  equally  well  defined,  the  second  one  160 

and  the  third  140  feet  high.     From  the  top  of  the  third  terrace  the  ground 

stretches  away  perfectly  level  for  a  considerable  distance.     On  the  western  side 

of  the  Dapha  terraces  may  be  traced,  though  they  are  not  so  well  defined  as  those 

on  the  eastern  side.     One  occurs  at  about  160  feet  above  the  valley,  and  another 

at  500  feet,  while  the  edge  of  the  topmost  plateau  is  1,000  feet  above  the  Dapha, 

and  from  it  the  ground  slopes  gradually  up  towards  the  north.    On  both  sides  of 

the  Dungan  is  a  well-defined  terrace,  about  60  feet  above  the  river,  which  extends 

down  to  and  along  both  sides  of  the  Dehing  as  far  as  Bishi,  forming  perpendicular 

clifEs  wherever  the  river  washes  against  the  foot  of  it.    Some  patches  of  drift  also 

occur  at  Bishi,  resting  on  the  sandstone  cliffs  above  the  village,  at  an  elevation  of 

300  feet  above  the  river.     Above  the  mouth  of  the  Dapha  the  Dehing  valley  is 

much  narrowed,  but  drift  at  a  higher  level  than  that  reached  by  the  present 

floods  occurs  at  many  places  along  the  banks ;  and  at  one  spot,  about  12  miles  below 

Kumki,  is  a  mass  of  drift  forming  a  clifit  about  300  feet  above  the  river.     A  large 

portion  of  this  has  formerly  slipped  down  and  dammed  up  the  river,  forming  a 

^  Mem.  Qeol.  Sarv.  lad.,  vol.  xvt,  pt.  4. 
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lake  aboat  a  mile  long,  the  surface  of  which  was  about  20  feet  higher  than  the 
present  level  of  the  river,  as  is  shown  by  the  numerous  trunks  of  dead  trees, 
killed  by  the  rise  of  the  water,  which  are  still  to  be  seen  standing  on  the  banks. 
The  river  has  cut  down  through  the  barrier,  so  as  to  have  nearly  returned  to  its 
original  level ;  but  there  is  atiU  a  long  reach  of  stUl  water  above  the  barrier,  with 
beds  of  fine  gravel  and  sand  deposited  while  the  lake  was  in  existence. 

On  the  sides  of  the  broad  vaUey  at'  Kumki  no  traces  of  terraces  could  be  seen, 
but  the  plain  about  8  miles  higher  up  the  river  is  traversed  by  a  very  well- 
marked  triple  one  running  from  N-E  to  S-W,  the  lowest  step  being  20,  the 
second  50,  and  the  third  200  feet  above  the  river. 

These  terraces  must,  I  think,  be  due  to  subsidence  in  the  Brahmaputra  valley, 
allowing  the  Dehing  water  to  run  ofE  at  lower  and  lower  levela.  The  same  efEect 
might  have  been  caused  by  elevation  of  the  upper  part  of  the  valley,  but  in  that 
case  it  would  be  difficult  to  account  for  the  absence  of  disturbance  of  the  terraces, 
which  are  all  as  horizontal  now  as  when  they  were  deposited.  Moreover,  we 
know  that  subsidence  has  taken  place  within  recent  times  in  the  lower  portion  of 
the  Brahmaputra  valley.  The  change  of  level  has  been  considerable,  certainly 
over  1,000  feet,  as  the  beds  of  drift  on  the  plateau  west  of  the  Dapha  show. 

At  first  sight  the  triple  form  of  some  of  the  terraces,  as  to  the  east  of  the 
Dapha  and  in  the  plain  beyond  Kumki,  would  appear  to  show  that  the  change  of 
level  had  not  been  a  continuous  movement,'  but  had  taken  place  by  leaps  and 
bounds  as  it  were ;  but  I  think  that  this  feature  may  be  accounted  for  in  another 
way,  via.f  that  during  an  oscillation  of  the  river  from  one  side  of  its  valley  to  the 
other,  the  alluvium  it  had  deposited  on  one  side  would  be  found  on  the  return  of 
the  river  to  that  side  to  be  higher  than  the  present  level  of  the  river.  These 
terraces,  whose  height  above  each  other  would  depend  partly  on  the  rate  of 
change  of  level,  and  partly  on  the  length  of  time  taken  by  an  oscillation  of  the 
river  from  one  side  of  the  valley  to  the  other  and  back  again,  would  be  formed  on 
either  bank.  This  would  also  account  for  the  irregularity  in  the  heights  of  the 
terraces  on  opposite  sides  of  the  river. 

I  have  noticed  similar  terraces  of  drift  among  the  hills  both  to  the  north  and 
south  of  the  Brahmaputra,  though  nowhere  so  well  defined  as  on  the  Dehing. 
They  occur  in  the  Digu  at  the  foot  of  the  Aka  hills,  and  opposite  the  mouth  of  the 
Borholi  is  a  large  mass  of  drift,  rising  to  1,000  feet  above  the  plain,  which  may  be 
due  to  the  same  cause.  Terraces  also  occur  in  the  valley  of  the  Diyung  in  the 
North  Gachar  hills  to  the  south  of  the  Brahmaputra.  ' 


On  the  microscopic  characters  of  some  Eruptive  Bocks /rom  the  Central  Himalayas, 

by  Colonel  C.  A.  McMahon,  F.G.S. 


Peridotites, 
No.  94-216.— From  the  Puga  vaZZey  .—Ladak. 

This  specimen  was  collected  by  the  late  Dr.  Stoliczka,  who  gave  the  following 
account  of  the  eruptive  rooks  met  with  on  the  Puga  river. 

"  At  first  coming  to  the  camp  on  the  Puga  stream  we  met  with  an  epidote  rock, 
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consisting  of  epidote,  quartz,  and  alhite.  The  epidote,  when  ciystallized,  occurs 
in  short  prisms  of  yellowish  or  bright  green  colour.  It  is  often  replaced  bj 
diallage  occurring  in  the  same  manner  in  short  laminar  prisms,  and  forming  a 
beautiful  syenite-like  rock.  Somewhat  further  to  the  north  the  epidote  disap- 
pears altogether,  and  the  diallage  is  often  found  disseminated  through  a  dark 
green  serpentine  mass,  and  in  this  way  forming  a  very  peculiar  rock,  which  bj 
many  geologists,  especially  in  the  Apennines  and  Southern  Alps,  would  be  called 
gahhro ;  the  Himalayan  agrees  exactly  with  the  Alpine  rock.  Diallage  occnrs 
besides  in  large  lumps,  and  very  seldom  is  any  hronxite  to  be  seen  here.  The 
serpentine  rock  contains  also  sometimes  sparingly  zeolitic  and  felspathic  minerals, 
and  varies  greatly  in  colour.  Further  to  the  east,  it  is  occasionally  to  be  found  as 
serpentine-schist  and  purer  in  thin  veins.  In  the  Puga  valley  itself  no  stratifi- 
cation whatever  is  perceptible  in  the  whole  series  of  these  last-mentioned  rocks ; 
they  have  a  truly  massive  structure. 

''  What  is  still  remarkable,  and  perhaps  worthy  of  notice,  are  large  spheroidal 
masses  of  quartz,  which,  in  addition  to  numerous  quartz  veins,  occur  throughout 
the  serpentine  rock.^  " 

The  hand  specimen  examined  by  me  appears  to  have  been  taken  from  the  ont- 
crop  of  the  '*  massive  "  rocks  on  the  Puga  river,  in  which  '*  no  stratification  what- 
ever is  perceptible."  The  rock,  judged  by  the  sample,  4s  a  peculiarly  interesting 
one  to  me,  as  it  is  the  first  Indian  specimen  of  the  ultra-basic  class  of  eruptiye 
rocks  that  I  have  seen. 

I  have  examined  three  thin  slices  taken  from  two  different  sides  of  the  hand 
specimen  at  right  angles  to  each  other,  and  all  three  slices  present  the  same 
characteristics.  The  sample  consists  of  a  holocrystalline  mixture  of  olivine,  augitei 
enstatite,  picotite,  and  serpentine.  It  is  a  variety  of  peridotite,  known  as  Iheno- 
lite,  partially  changed  into  serpentine. 

In  some  places  the  change  is  complete,  patches  here  and  there  oonsisting 
entirely  of  serpentine.  In  other  places  the  progress  of  conversion  has  been  veiy 
partial ;  for,  though  the  enstatite  and  olivine  are  traversed  by  more  or  less  numerous 
veins  of  serpentine,  considerable  portions  of  these  minerals  have  escaped  serpen- 
tinization  and  remain  fresh  and  unaltered. 

Olivine  is  abundant,  and  the  major  part  of  the  rock,  prior  to  the  formation  of 
serpentine,  was  evidently  composed  of  this  mineral.  As  usual  in  this  class  of 
rock  the  olivine  has  yielded  to  the  hydrating  process  more  readily  than  the  other 
constituent  minerals,  and  it  is  cut  up  into  countless  grains  divided  by  a  mesh-like 
arrangement  of  canals  filled  with  serpentine ;  the  oxide  of  iron  liberated  by  the 
decomposition  of  the  olivine  being  deposited  in  amorphous  masses,  principallj 
along  the  edges,  or  immediately  adjoining  the  canals  of  sei-pentine. 

The  enstatite  is  quite  colourless  in  thin  slices,  but  it  presents  a  characteristic 
foliated  appearance  under  crossed  nicols. 

The  augite  is  also  quite  colourless.  With  ordinary  powers  none  of  the  miner- 
als present  the  appearance  of  "  schillerization  "  -?  but  on  applying  high  powers 
the  first  trace  of  this  process  is  observable  in  the  augite,  and  irregular  shaped 

*  Mem.  Geol.  Snrv.,  Ind.,  v,  pp.  128, 129. 
'  Judd :  Qaar.  Jour.  Geol.  Soc.  xli,  388. 
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lactin»  are  nnmeroiis,  in  which  opaque  matter  has  been  deposited  without  com- 
pletely filling  the  cavities. 

The  slices  under  description  do  not  contain  any  diallage  ;  but,  here  and 
there,  the  first  stage  of  the  alteration  of  augite  into  diallage  may  be  observed,  the 
characteristic  cleavage  of  the  latter  mineral  having  been  established.  These 
aagiteSy  however,  are  in  other  respects  quite  fresh  and  give  no  indication  of 
BchiUerization. 

Although  neither  this  sample,  nor  the  next  to  be  described,  contain  any 
typical  dialli^,  or  felspar,  and  consequently  cannot  be  called  gabbros  ;  still 
these  minerals  may  be  developed  in  other  portions  of  the  rock,  and  it  may 
locally  pass  into  gabbro.  Professor  Judd  in  his  recent  papers  has  told  us  how 
commonly  gabbros  pass  into  peridotites  in  the  Western  Isles  of  Scotland.  ^ 
If  gabbro  is  associated  with  the  peridotites  of  Ladak,  however,  it  is  curious 
that  Dr.  Stoliczka's  specimens  from  both  the  Puga  and  Markha  valleys  should 
contain  no  trace  of  felspar.  It  is  to  be  hoped  that  future  observers  in  the  field 
will  study  these  interesting  rocks  more  exhaustively  and  bring  back  a  complete 
suite  of  specimens. 

The  specific  gravity  of  the  sample,  above  described,  is  lower  than  might  have 
been  expected,  being  2*85 ;  but  this  is  evidently  owing  to  the  loss  of  iron  and  the 
hydration  of  the  olivine,  consequent  on  its  partial  conversion  into  serpentine  ;.the 
specific  gravity  of  olivine  ranging  from  3'd3  to  3*5,  whilst  that  of  serpentine  is  as 
low  as  2-5  to  2-65. 

No.  94-213. — From  the  Markha  River,  LadaJc. 

Dr.  Stoliczka,  who  collected  this  specimen,  refers  to  the  rocks  in  this  locality 
as  follows : 

"Already  when  observing  rocks  in  the  Indus  valley,  north  of  Qya,  I  have 
been  very  much  struck  with  their  more  recent  aspect  as  compared  with  the 
same  rocks  (which  undoubtedly  they  are)  at  the  mouth  of  the  Puga  stream, 
examined  during  my  survey  of  1864.  North  of  Gya  they  consisted  of  soft  and 
partly  loose  conglomerate,  reddish  and  purple  slates  and  marls,  and  greenish 
sandstones,  very  much  like  those  on  the  Dugshai  hill  and  to  the  north  of  that 
station.  I  can  attribute  this  comparatively  recent  aspect  of  the  rocks  north  of 
Gya  solely  to  the  subordinate  development  of  the  gabbro  or  diallage  rook,  which 
in  the  Puga  valley  seems  to  have  perfectly  altered  and  metamorphosed  the  slates 
and  sandstones."' 

Dr.  Stoliczka  proceeds  to  detail  the  finding  of  nummulitic  fossils  ^  in  the  sand- 
stones a  little  to  the  north  of  the  Markha  river,  between  Bumbag  (Bamb^k)  and 
Skin;  and  I  gather  from  his  description  that  the  peridotites  of  the  Puga  and  Markha 
valleys  are  intrusive  in  sedimentary  rocks  of  lower  tertiary  age.  Mr.  Lydekker,  in 
his  recent  miamoir  on  Kashmir,^  has  also  mapped  the  rocks  at  the  mouth  of  the 
Puga  river,  and  those  a  little  to  the  north  of  the  Markha  river,  as  belonging  to  the 
eocene  period. 

'  Qoar.  Joar.  Geol.  Soc,  xli,  858. 
^  Mem.  Geol.  Sarv.,  Ind.,  y,  343. 
»  Ih,,  p.  844. 
*  Mem.  Qeol.  Sarv.,  Ind.,  xxii,  107. 
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The  sample  of  the  intmsive  rock  from  the  Markha  yalley,  when 
with  the  aid  of  the  microscope,  is  seen  to  belong  to  the  same  class  as  that  last 
described.  It  is  almost  quite  unaltered,  however;  its  serpentinizatioii  having 
proceeded  no  farther  than  the  riddling  of  the  olivine  with  countless  minute  canals 
which  form  a  complete  net-work  over  the  whole  of  it.  Olivine  is  by  far  the 
most  abundant  mineral ;  enstatite  comes  next,  and  augite  is  somewhat  subordi- 
nate. As  in  the  last  specimen,  all  these  minerals  are  quite  colourless  in  tUn  slioes. 
Picotite  is  present,  but  is  not  abundant.  The  specific  gravity  of  the.hand  specimen 
is  3- 10. 

Volcanic  Ash. 

No.  94-218.— Prom  Wangat,  Ladafe. 

This  specimen  was  collected  by  Mr.  Lydekker,  but  I  have  not  been  able  to 
trace  in  his  published  papers  any  reference  to  the  outcrop  from  which  it  waa 
taken. 

There  is  often  g^reat  difficulty  in  discriminating  between  altered  volcanic  ash 
and  felsites,  by  their  microscopic  characters  only ;  but,  unless  appearances  are  ex- 
traordinarily deceptive,  1  do  not  think  there  can  be  any  doubt  as  to  the  nature  of 
this  specimen.  Under  the  microscope  it  is  seen  to  be  made  up  of  fragments  con- 
solidated by  pressure.  It  contains  rounded  and  sub-angular  fragments  of  quartz ; 
rounded  grains  of  magnetite  and  ilmenite ;  and  rounded  and  sub-angular  frag- 
ments of  more  or  less  decomposed  igneous  rocks,  which  differ  from  each  other,  in 
some  cases,  in  colour  and  appearance.  The  interstices  between  larger  grains  are 
filled  up  with  finer  fragments  of  the  same  materials. 

If  further  evidence  of  the  nature  of  the  rock  was  wanting,  I  think  it  is  suppli- 
ed by  the  fact  that  all  the  larger  fragments  are  surrounded  by  a  thin  margin  of 
an  opaque  white  product  of  decomposition ;  and  that  the  grains  of  magnetite, 
though  more  or  less  converted  into  the  red  oxide  of  iron,  appear  to  have  been  al- 
tered prior  to  their  consolidation  in  the  rock  in  which  they  are  now  found,  for  the 
matrix  is  not  streaked  with  the  red  oxide,  which  probably  would  have  been  the  case 
had  the  alteration  of  the  magnetite  been  dae  to  aqueous  agencies  operating  ^ 
situ. 

The  ilmenite  exhibits  very  distinctly  its  characteristic  rhombic  deavi^  lines. 
These  may  sometimes  be  seen  on  the  surface  of  the  mineral  when  examined  m 
reflected  light,  and  at  other  times  they  are  indicated  by  translucent  lines  when 
viewed  with  the  aid  of  transmitted  light.  The  ilmenite  includes  very  numeroua 
crystals  of  apatite. 

The  f  ragmentaiy  origin  of  the  rock  can,  I  think,  be  made  out  by  the  examina- 
tion of  the  weathered  sarface  of  the  hand  specimen  with  a  good  pocket  lens. 

Diorites, 

Nos.  96-4,  96-5— IntruBive  in  nummulitic  strata  north  of  Sirkia, — ^Huirois. 

These  specimens  were  collected  by  Mr.- Griesbach.  No  account  of  the  outcrop 
from  which  they  were  taken  has  yet  been  published. 

No.  96-4  is  a  highly  altered  diorite.  The  original  constituents  present  m 
the  rock  are  triclinic  felspar  and  hornblende;  and  the  secondary  products  of 
decomposition,  calcite,  magnetite,  a  zeolite,  and  chlorite. 


J 
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SpHene  is  present  as  an  accessory  mineral.     The  stractnre  of  the  rock  is 


LC. 

The  felspar  is  highly  corroded,  bnt  the  characteristic  twining  of  triclinic  fels- 
par is  still  visible  in  nearly  all  of  it.  It  is  in  rather  massive  pieces,  which  show  no 
external  crystallographic  faces :  lath-shaped  prisms  are  not  present.  The  angle  of 
estinciion  of  the  felspar  twins  indicates  that  the  species  is  oligoclase.  Hornblende 
is  abundant. 

Calcite  is  present  in  veins,  and  also  invades  the  substance  of  the  rock.     The 
oalcite  veins  are  peculiarly  interesting,  as  they  contain  not  only  air  or  gas  inclu- 
sions, but  very  numerous  liquid  cavities  with  active  bubbles.     The  calcite  is 
ixudoubtedly  a  secondary  product,  and  the  presence  in  it  of  liquid  cavities  with 
moving  bubbles  shows  that  these  interesting  objects  may,  in  some  cases,  be  due 
tiO  the  operations  which  gave  birth  to  secondary  minerals  in  a  rock  long  after  its 
consolidation.     In  previous  papers  ^  I  have  already  noted  the  presence  of  liquid 
cavities  with  moving  bubbles  in  epidote  (a  secondary  product),  and  in  secondary 
quartz  in  the  amygdules  of  altered  basalts,  and  explained  their  presence  by  the 
supposition  that  the  rocks  and  amygdaloidal  cavities  were  filled,  after  the  con- 
solidation of  these  lavas,  "  with  the  aid  of  highly  heated  water  or  steam  under 
pressure."  Mr.  G.  F.  Baker,  in  his  memoir  on  the  geology  of  the  Comstock  lode 
fpage  371),  thought,  when  he  wrote  his  memoir,  that  primary  and  secondary  fluid 
cavities  could  be  discriminated  by  their  shapes ;  the  former  being  either  in  the 
form  of  negative  crystals,  or  of  vesicles,,  the  outlines  of  which  present  "  smooth 
carves";  whilst  secondary  fluid  cavities  "are  bounded  by  jagged  lines."     But 
Professor  Judd  has  since  shown  that  negative  crystals  '  with  liquid,  or  other  in- 
clusions, may  result  from  "schillerization  "  and  may  assume  the  most  regular  forms ; 
and  I  note  in  passing  that  the  majority  of  the  liquid  cavities  in  l^e  calcite  of  the 
rock  under  description  are  bounded  either  by  straight  lines  or  "  smooth  curves." 
The  shape  of  a  fluid  cavity,  therefore,  does  not  seem  to  afford  a  safe  criterion  for 
deciding  whether  it  is  of  primary  or  secondary  origin.     In  view  of  this  difficulty, 
the  presence  of  fluid  cavities  with  moving  bubbles  cannot,  I  think,  be  relied  on 
as  an  aid  to  the  diagnosis  of  a  rock.     They  may  be  of  primary  or  they  may  be  of 
secondary  origin,  and  it  seems  impossible  to  discriminate  between  the  two  classes 
by  mere  inspection. 

No.  96-5. — This  specimen  belongs  to  the  same  class  as  the  last  (No.  96-4), 
only  its  alteration  has  proceeded  much  further.  A  zeolite  has  taken  the  place  of 
th.e  calcite  ;  and  not  only  are  veins  stopped  with  it,  but  in  a  portion  of  the  slice  it 
has  invaded  the  ground-mass  and  has  taken  the  place  of  the  original  minerals. 

The  whole  of  the  slice  exhibits  the  progress  of  decomposition  in  a  high  degree  ; 
but  enough  remains  of  the  original  constituents  of  the  rock  to  show  that  it  was 
originally  a  diorite. 

Hornblende  appears  to  have  predominated  over  the  felspar.  Much  of  the 
former  mineral  exhibits  the  first  stages  of  conversion  into  chlorite,  and  some  of  it 
has  passed  into  that  mineral.     This  slice  does  not  contain  any  sphene. 


'  Supra,  XV.,  161 ;  xvii,  179 ;  xix,  74. 
3  Qaar.  Jour.  Qeol.  Soc.,  xli,  S84,  885. 
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Preliminary  note  on  the  Mammalia  of  the  Kamnl  Caves,  hy  B.  Ltdxkkib,  B.A., 

F.G.S.,  Ac. 

Having  received  and  examined  the  bones  collected  by  Mr.  H.  B.  Foote  in  tlie 
Elamnl  caves, ^  I  present  a  preliminary  list  of  the  Mammalian  genera  and  species 
which  I  have  been  able  to  identify.  My  list  differs  somewhat  from  that  given  by 
Mr.  B.  B.  Foote,'  as  I  have  found  some  forms  which  he  had  not  recognized, 
while,  on  the  other  hand,  I  am  nnable  to  oonjfirm  two  or  three  of  his  provisioiuil 
determinations.  The  majority  of  the  specimens  sent  to  me  consisted  either  of 
bones  of  Bodentia  and  Chiroptera,  or  of  fragments  of  bones  of  larger  Mammals, 
the  greater  number  of  which  did  not  admit  even  of  generic  determination.  There 
were  also  sent  a  large  number  of  bones  from  the  surface  bed,  which  were  all  of 
extremely  recent  origin,  and  need  no  further  notice.  The  following  list  comprises 
the  forms  found  in  the  deposits  below  the  surface  bed,  exclusive  of  certain  human 
remains,  some  of  which  are  briefly  noticed  in  the  sequel : — 

Fbdcatbs — 1.  Semnopitheeoi  prianras,  1^^<A. 

^  8.  Cynooephaliis  (ef,  anabis,  F,  Cuv.) 

Cabvivora — S.  FeliB  tigris  (  or  P  leo)  Xiiw.. 

„  4.      „  P  pardns,  lAmn. 

M  5.      „     chans,  F,  Cmv, 

„  6w      „     mbiginoM,  Oeojff^, 

„  7*  Hyena  crooata  (BrxL). 

„  8.  yiverra  karnulieniiB,  ».  sp. 

„  9.  Herpettes  griseos,  Detm, 

„         10.         M       smithi,  Orojf. 

„         11.  Umu,  sp. 
IirsBCnvOBA — 12.  Sores  {ef,  csmleioenf,  Shaw). 
Chiboftbsa— 18.  TaphoMDfl  sacoolnniu,  2\mhm. 

„  14.  PhjUorbinadiadema  (<7eo^). 

Bodentia— 1^.  Scianu  macmnu,  Sarda. 

„         16.  Golonda  elUoti,   Oray, 

„  17.  Mas  mettardi,  Orag. 

„  18.     M    platythriz»  Syket, 

„  18.  Nesokiakok,  Gray. 

„  20.        „      bandiooota,  lUcA, 

„  21.  Hyitriz  hinatiroetris,  Brandt, 

„  22.  Lepiu  (cf.  nigrioollis,  F,  Cmt.) 

Ukoulata — 23.  RhinoceroB  kaniaUenidB, «.  <p. 

«,  24.  EqnuB  (P  2  «p.). 

„  26.  Bos*  or  Babalus. 

M  26.  BoMlaphna  tragocameluB  (Pall). 

„  27.  Oazella  bennetti  (Syket). 

n  28.  Antilope  oerricapra  (Linn), 

n  29.  Tetraceroa  quadrioomis  (Blain), 

>  Supra,  vol.  zrii*  pp.  200-208  (1884),  and  xYiii,  pp.  227-235  (1885). 

*  Supra,  Tol.  XYiii,    pp.  281-282.     Some  emeodationfl    have  been  on   the   generic  and 
specific  terms  employed  by  Mr.  Foote. 
I  Including  Biloi  (GaviBut), 
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UvGiTLATA^SO.  Cervns  ariBtotelis,  Cuv, 
^  81.  ■  axis,  Srxh 

„  82.  Tngulos  [ef,  meminna  {Erxl)'], 

„  88.  Sns  crisfcatus,  Warner. 

Edentata— 84.  Mania  gigantea,  Gragf, 

In  this  list  the  crania  on  which  Nos.  16,  17,  18  are  identified  are  from  loose 
red  loam  underlying  the  surface  bed  in  the  "  Ghamel  House  "  cave  in  which  human 
remains  occur,^  but  from  other  fragmentary  specimens  it  is  probable  that  these 
species  also  occur  in  the  underlying  beds.  The  most  interesting  features  in  the 
fauna  are  the  two  new  species  (Nos.  8,  23),  and  the  occurrence  of  Equus  and 
the  three  Ethiopian  forms  Nos.  2,  7,  34. 

Of  the  new  species,  Viverra  hamulienais  is  founded  on  a  mandibular  ramus,' 
showing  the  camassial  and  the  alveoli  of  the  premolars ;  the  former  is  very  similar 
to  the  corresponding  tooth  in  F.  zibetha  and  F.  megaspilay  but  the  space  occupied 
by  the  premolars  is  very  much  longer  than  in  either  of  those  species,  the  speci- 
men being  quite  unlike  the  mandible  of  V,  civetta.  As  the  mandible  of  the 
SiwaHk  F.  haJceri  '  is  unknown,  it  is  almost  impossible  to  say  whether  the 
Kamul  form  is  identical  with  this  species,  but  as  this  is  somewhat  improbable,  I 
have  provisionally  assigned  a  distinct  name  to  the  former. 

Rhinoceros  karnuUensish  ^  is  a  small  bicom,  and  brachydont  species  agreeing  very 
closely  in  several  respects  with  the  pleistocene  22.  etrusous  of  Europe,  but  differ- 
ing somewhat  in  the  structure  of  the  upper  cheek-teeth,  and  in  the  deeper  and 
more  defined  channel  in  the  mandibular  symphysis,  and  thereby  approaching  the 
African  B,  hicorms.  The  species  differs  from  JK.  dcocanensish  ^  by  its  brachydont 
character  and  the  absence  of  the  distinct  cingulum  in  the  upper  premolars. 

Of  the  Ethiopian  forms  the  OynocepTialus  is  indicated  by  a  second  lower  true 
molar,  indistinguishable  from  m2  of  0.  anuhis ;  but  probably  insufficient  for 
specific  determination.  Of  Hytma  crocuta  there  is  a  lower  camassial  and  an  upper 
canine;  while  Mania  gigantea  is  represented  by  a  terminal  phalangeal  of  the 
manush^  agreeing  almost  precisely  with  the  corresponding  bone  in  a  skeleton 
measuring  54  inches  in  length.  Both  Oynoc^haltts  and  Mania^  as  well  as  hyasnas 
of  the  crocutine  group,  occur  in  the  Siwaliks ;  and  the  present  specimens  are 
of  great  interest  as  proving  that  the  intimate  generic  connection  existing  between 
the  pliocene  fauna  of  India  and  the  recent  Ethiopian  fauna  had  in  the  late  pleisto- 
cene (to  which  period  I  am  disposed  to  refer  the  Kamul  cave  deposits)  of  India 
developed  in  some  instances  into  a  specific  one,  traces  of  which  still  remain  in  the 
existence  of  species  like  FelU  leo,  JP.  jparit^,  and  Cants  aureus  in  the  two  areas  at 
the  present  day. 

The  Equus  I  have  at  present  been  unable  to  determine  specifically,  but  some 
of  the  molars  (as  Mr.  Foote  observes)  indicate  a  small  species,  which  may  possibly 

>  '  Stipra,  vol.  xvii,  p.  206. 

'  '  Provisionally  identified  by  Mr.  Foote  (ntpra^  vol.  zviii,  p.  281)  with  V»  zihetha, 

'  '  Pal.  Ind'.,  ser.  10,  vol.  ii,  part  xzziii,  fig.  1. 

*  Provisionallj  identified  by  Mr.  Foote  (supra,  vol.  xviii,  p.  822)  with  J2.  sondaievs 
Ijavauicns), 

*  Pal.  Ind.,  aer.  10,  vol.  i,  pta.  i-iii. 

*  Identified  by  Mr.  Foote  with  M.  psniedaclyla^ 
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be  closely  allied  to  the  African  E,  tcmioptu.  The  ooonrrence  of  a  small  species  of 
Ursus  is  indicated  by  the  distal  portion  of  a  humeras ;  but  it  wonld  be  difficaltto 
say  to  what  species  it  belonged,  the  most  likely  forms  being  the  existing  U,  malay- 
anusj  and  the  pleistocene  U,  namadtcus  of  the  Narbada  valley.  Some  of  the  teeth 
referred  to  Stis  cristatus  indicate  individnals  of  larger  size  than  the  existing  race, 
bnt  I  cannot  regard  this  as  a  specific  difference.  There  are  also  some  slight 
differences  between  the  upper  molars  referred  to  Oervus  aristotelis,  and  the  corre- 
sponding teeth  of  recent  examples,  bat  these  may  probably  be  also  considered  as 
bnt  racial  variation. 

Besides  the  forms  I  have  recorded,  Mr.  Foote  mentions  (1)  Macacus  (?),  (2) 
Oanis,  (3)  Paradoxurus  (?),  (4)  Tupaia  (?),  (5)  Oervulus  aureus  (?),  (6)  Ovis  (?) 
and  (7)  Oapra  (?).  Of  Nos.  1  and  5  I  can  find  no  evidence,  while  I  believe  that 
the  specimen  on  which  No.  2  was  determined  belongs  to  Felis,  Of  Nos.  3  and  4 
the  specimens  are  insufficient  for  generic  determination.  Some  limb-bones  from 
the  *  Purgatory '  cave  undoubtedly  belong  either  to  Ovis  or  Oapra,  but  as  they  are 
of  extremely  recent  appearance,  and  agree  precisely  with  other  specimens  from  the 
surface-bed  of  the  '  Chamel  House,'  I  am  inclined  to  think  that  they  cannot  be 
referred  to  the  pleistocene  fauna. 

With  regard  to  human  remains,  Mr.  Foote  records  ^  a  molar  from  a  depth 
of  4  feet  in  the  *  Chapter  House'  cave,  which  was  the  lowest  level  at  which  sach 
remains  were  found ;  and  he  also  records '  the  occurrence  of  cut  bones  and 
implements,  but  without  particularizing  the  horizons  whence  they  were  obtained. 
As  the  latter  specimens  were  not  forwarded  to  me,  I  can  of  course  say  nothing 
about  them,  but  I  may  observe  t^at  a  very  considerable  number  of  the  larger  bones 
sent  to  me  have  been  gnawed  by  porciipines,  and  I  would  venture  to  suggest  the 
necessity  of  submitting  the  reputed  cut  bones  (and  perhaps  some  of  the  *  instra- 
ments  ')  to  a  stringent  examination  with  a  view  of  determining  whether  they  may 
not  have  been  subject  to  the  same  action. 

The  more  interesting  of  the  above-mentioned  specimens  will  be  figured  in  a 
fasciculus  of  the  '  Palseontologia  Indica',  which  I  hope  to  bring  out  during  the 
current  year. 

Habpekden, 
The  8th  March  1886, 


Memorandum  on  the  prospecte  of  finding  coal  in  Western  Rajputana,  by  B.  D. 
Oldham,  A.R.S.M.,  Deputy  SuperirUendent,  Geological  Survey  of  India, 

As  this  subject  is  one  of  general  interest  and  importance,  in  view  of  the  great 
expense  incurred  for  fuel  on  all  the  railway  lines  in  North- Western  India,  and  as 
the  discovery  of  workable  coal  in  this  region  would  allow  of  the  profitable  oon- 
atruction  of  a  line  of  railway  much  needed  on  other  grounds,  I  have  thought  it  ad- 
visable to  draw  up  a  special  memorandum,  in  addition  to  the  purely  technical  re- 
port of  my  last  season's  exploration  of  the  desert,  showing  the  evidence  at  present 
available  on  this  subject. 

'  Supra,  vol.  xviii,  p.  281. 
»  Ib„  p.  282. 
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2.  When  Mr.  Blanf ord  made  his  traverse  from  Jodhpnr  to  Bohri  in  1876,  he 
noticed  the  occurrence  near  Pokran  of  certain  beds,  which  by  the  pecnliaritj  of 
their  stmctnre  are  shown  to  have  been  deposited  through  the.agency  of  floating  ice. 
Mr.  Blanford  considered  that  these  beds  were  of  Vindhyan  age,  for,  near  Pokran, 
they  are  overlaid  by  red  sandstones,  which  closely  resemble  those  seen  near 
Jodhpnr.  Further  west,  near  Jessalmir,  he  described  the  oconrrenoe  of  marine 
limestones  of  jnrassic  age  underlaid  by  sandstones,  whose  resemblance  to  the 
Mahadeva  beds  (upper- Oondwanas)  of  the  Indian  Peninsula  he  recognised  and 
commented  on;  but  he  did  not  recognise  either  the  actual  or  the  probable  pre- 
sence of  the  lower- Qondwana  (coal-bearing)  series  in  this  district. 

3.  Daring  the  cold  weather  of  1885-86, 1  was  despatched  to  explore  the  great 
tract  of  country  lying  north  of  Mr.  Blanford*s  route,  of  which  nothing  was 
known  except  that  there  were  extensive  exposures  of  rock.  My  route  lay  from 
Ajmere  through  Nagore,  Falodi,  and  Pokran  to  Jessalmir,  whence,  after  making  a 
loop  cast  into  the  rocky  oasis  lying  north  and  north-west  of  Jessalmir,  I  returned 
through  Lathi,  Bap,  and  Bikanir  to  Ajmere. 

4.  All  the  country  east  of  Pokran  and  Bap  appears  to  consist  of  rooks 
of  Vindhyan  age  overlaid  for  the  most  part  by  alluvium  and  blown  sand.  These 
rocks  are  all  very  much  older  than  those  in  which  our  Indian  coal  is  founds 
and  there  is  no  possibility  of  the  occurrence  of  coal  in  this  region.  Bat  along  a 
sone  running  about  north-north-easfc  and  south-south.west  and  extending  from 
Shekasar  to  Nokra  (both  villages  near  the  eastern  boundaiy  of  Jessalmir)  there  is 
an  exposure  of  a  very  characteristic  rock. 

5.  This  is  almost  certainly  of  the  same  age  as  the  peculiar  glacial  beds  near 
Pokran,  referred  to  in  section  2,  and  consists  of  a  matrix  of  fine-grained  marl  through 
which  fragments  of  felsite,  syenite,  limestone,  gneiss,  and  granite  of  all  sizes  from 
a  few  inches  to  in  one  case  over  10  feet  across,  are  scattered ;  and  many  of  these 
are  smoothed  and  striated  in  the  peculiar  manner  characteristic  of  glacier  work. 

6.  As  I  have  said,  there  can  be  no  doubt  that  these  are  of  the  same  age  as  the 
Pokran  boulder  beds,  but  fortunately  there  can  be  no  question  here  as  to  their 
not  being  of  Vindhyan  age,  for  they  contain  fragments  of  Vindhyan  limestone 
which  must  have  been  indurated  and  metamorphosed  when  they  were  deposited 
in  their  present  position.  It  is  consequently  clear  that  these  beds  are  of  very 
much  newer  origin  than  the  Vindhyans,  and  consequently  cannot  but  be  represent- 
ative  of  the  Talohir  boulder  beds,  the  beds  which  everywhere  in  India  underlie  the 
coaUmeiMswres. 

7.  To  the  westwards  of  these  beds  and  lying  between  them  and  the  marine 
jnrassic  limestones  of  Jessalmir  comes  a  series  of  sandstones,  very  ill-exposed,  but 
aU  having  a  slight  dip  to  west-north-west. 

8.  We  have  then  recognised,  firet,  beds  older  than  the  coal-measures ;  aecond^ 
beds  newer  than  the  coal-measures;  and  third,  a  series  of  sandstones  lying 
between  them :  the  question  arises  whether  it  is  probable  that  coal  will  be  found 
In  these  intermediate  beds. 

9.  Before  proceeding  I  must  remark  that  the  country  under  consideration 
is  extremely  unfavourable  for  geological  investigation.  Undoubtedly  actual 
outcrops  of  rock  are  as  frequent  as  is  usual  in  the  Indian  coal-fields,  but  on  the 
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other  hand  tbe  latter  are  usually  intersected  by  streams  in  which  the  rocks  are 
fairly  well  seen,  and  it  has  nearly  always  been  possible  by  fossil  evidence  to  declare 
the  actnaJ  existence  or  absence  of  the  '*  Damndas/'  the  gronp  of  beds  which  has 
yielded  aU  our  Indian  coal.  Bnt  in  Jessalmir,  if  we  except  the  western  district 
in  which  the  beds  are  demonstrably  newer  than  the  coal-measures,  there  is  not  a 
single  stream  bed  or  even  a  satisfactory  exposure  of  rock.  For  the  most  part  the 
country  is  a  gently  undulating  plain  covered  with  a  sandy  alluvium  in  which 
there  are  scattered  frequent  outcrops  of  very  decomposed  sandstone  which  do  not 
rise  appreciably  above  the  general  surface  and  are  always  so  decomposed  that  it 
would  be  hopeless  work  to  attempt  a  search  for  fossils,  or  still  more  so,  for  an 
actual  outcrop  of  coal.  Under  these  circumstances  I  find  it  impossible  to  give  a 
definite  opinion  as  to  the  presence  or  absence  of  this  mineral,  and  can  do  no  more' 
than  explain  the  conditions  and  possibilities  of  the  case. 

10.  The  facts  that  the  beds  both  above  and  below  the  coal-measures  are  pre- 
sent, and  that  there  is  a  great  thickness  of  sandstones  (certainly  not  much  less 
than  2,000  feet  and  probably  nearer  6,000  or  more)  lying  between  them,  indicate 
the  probable  presence  of  beds  of  the  same  age  as  the  Indian  coal-measures,  and, 
to  judge  from  the  fact  that  we  have  never  yet  found  beds  of  the  right  age  with- 
out also  finding  coal,  the  probable  existence  of  this  mineral. 

11.  There  are,  however,  two  possibilities  which  must  be  borne  in  mind,  first, 
that  there  may  be  no  representative  of  the  Damudas  at  all ;  and  second,  that  though 
beds  of  Damuda  age  may  be  present,  but,  owing  to  the  conditions  under  which 
they  were  deposited,  may  not  contain  coal. 

12.  As  regards  the  first  of  these,  I  have  already  pointed  out  that  the  ground 
is  very  unpropitious  for  geological  -investigation,  and  I  can  consequently  give  no 
direct  opinion  on  the  subject.  On  the  road  from  Pokran  to  Jessalmir  there  is  a 
stretch  of  Malani  volcanic  beds  much  older  than  the  Talchir  boulder  bed,  and 
evidently  an  old  land  surface  in  the  sea  or  lake  in  which  the  latter  were  deposit- 
ed. At  the  western  margin  of  this  old  land  surface  the  boulder  beds  are  again 
seen|  and  on  this  section  there  is  not  room  between  them  and  the  exposure  of 
what  seem  to  be  upper- G-ondwana  sandstones  at  Lathi  for  the  intercalation  of 
any  considerable  thickness  of  beds.  But  to  the  north  of  this  section,  there  is  a 
much  greater  development  of  the  sandstones  which  at  their  lower  limit  appear 
to  pass  gradually  into  the  boulder  beds,  so  that  it  is  not  improbable  that  there  is 
here  as  in  the  Peninsula  a  slight  unconformity  between  the  lower-  and  upper- 
Oondwanas  which  has  allowed  of  an  overlap  of  the  latter  on  to  the  Talchir 
boulder  bed. 

13.  It  may  of  course  be  that  this  unconformity  in  the  series— which  I  may 
remark  in  passing  is  by  no  means  proved  but  merely  indicated  by  the  imperfect 
observations  that  alone  are  possible  on  a  rapid  traverse— is  universal  in  this 
region,  but  there  is  so  great  apparent  regularity  in  the  succession  of  the  Jbeds, 
which  lie  very  flat  and  with  a  very  regular  dip,  that  I  cannot  regard  this  as 
altogether  probable,  and  consider  it  more  than  possible  that  somewhere  in  this 
region,  the  beds  intervening  between  the  Talchirs  and  the  upper- Qondwanas  will 
be  found. 

14.  As  regards  the  possibility  of  the  presence  of  beds  of  Damuda  age  without 
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coal,  this  is  a  more  serions  consideration.  The  beds  near  the  top  of  the  series, 
viz.y  the  Jessalmir  limestones,  are  of  indisputably  marine  origin,  and  near  Bap  there 
are  some  beds  of  impure  limestone  associated  with  the  boulder  beds  which  may 
be,  but  by  no  means  necessarily  are,  of  marine  origin.  Besides  this  I  noticed 
that  at  one  place  some  sandstones  which  appear  to  underlie  the  boulder  bods  had 
a  saline  taste ;  this  is  not,  however,  proof  of  marine  origin,  as  the  impregnation 
Tirith  salt  may  have  occurred  subsequently  to  deposition.  These  facts  might  be 
supposed  to  indicate  the  probability  that  the  whole  series  was  composed  of  marine 
deposits,  and  if  this  were  the  case  all  hope  of  finding  coal  would  have  to  be 
abandoned.  ^ 

15.  There  is,  however,  some  direct  evidence  pointing  to  a  different  conclusion. 
Between  Lathi  and  Shawal  on  the  road  to  Jessalmir  and  again  south-east  of 
Jessahmr  towards  Kita,  there  are  repeated  exposures  of  the  sandstones  immediately 
underlying  the  Jessalmir  limestones,  whose  resemblance  to  the  Mahadevas  of  the 
Indian  Peninsula  has  already  been  noticed  (section  2).  Now  the  Mahadevas  are 
acknowledged  to  be  freshwater  (river)  deposits,  and  moreover  in  these  sandstones 
of  Jessalmir  there  are  frequent  pebbly  bands  in  which  the  pebbles  are  not  sufficiently 
numerous  to  deserve  the  name  of  a  conglomerate ;  such  beds  are  common,  and 
easily  accounted  for  in  strata  of  freshwater  (riverine)  origin,,  but  are  not  usually 
found  in  purely  marine  sandstones.  The  beds  just  referred  to  overlie  a  series  of 
sandstones  and  shales  lying  between  them  and  the  boulder  beds  which  are  most 
probably  similarly  of  freshwater  origin. 

16.  The  probability  may  be  therefore  considered  to  be  in  favour  of  the  fresh- 
water (riverine)  origin  of  any  beds  of  Damuda  age  which  may  exist  in  this  region. 
It  does  not  follow  as  a  necessity  from  this  that  they  will  contain  coaJ,  still  look- 
ing to  our  invariable  success  in  finding  coal  wherever  we  have  found  beds  of  the 
proper  age,  I  cannot  regard  it  as  probable  that  this  region  will  prove  an  exception 
to  the  general  rule. 

17.  I  have  in  the  foregoing  passages  treated  the  question  as  impartially  as 
possible,  any  bias  being  against  a  favourable  conclusion,  but  I  cannot  help  regard- 
ing the  prospects  of  success  as  sufficient  to  justify  the  expenditure  of  money  on  a 
systematic  exploration,  especially  when  we  bear  in  mind  the  immense  value  of  a 
workable  coal-field  in  this  neighbourhood. 

18.  My  description  of  the  nature  of  the  country  contained  in  section  9  of  this 
memorandum  will  show  that  it  is  impossible  in  this  case  to  follow  the  usual 
course  of  making  certain  of  the  actual  existence  of  rocks  of  coal-bearing  age  before 
recommending  the  expenditure  of  money  in  a  search  for  coal.  Here  it  will  only 
be  possible  to  determine  this  fact  by  laying  bare  the  rocks  in  quarries  or  sinkings 
made  specially  for  that  purpose,  and  money  devoted  to  this  purpose  would  be  a 
purely  speculative  investment  in  which  the  prospects  of  success  and  :bilure  are 
about  equal,  but  while  it  would  be  impossible  to  exaggerate  the  value  of  success 
the  cost  of  failure  would  be  small  and  limited. 

19.  As  regards  the  locality  most  favourably  situated  for  exploration,  I  would 
recommend  that  this  be  commenced  in  the  country  west  of  the  village  of  Bap. 
I  chose  this  as,  though  the  boulder  beds  can  be  traced  both  north  and  south 
of  this,  I  find  that  to  the  north  the  sandhills  lie  only  a  few  miles  to  the  west, 
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while  a  little  north  of  the  village  of  Bap  their  esstom  boundary  bends  Hnddml; 
round  to  the  weat  and  leaTSs  a  much  broader  area,  and  conseqnemily  greater 
thickneaa  of  rock  open  for  experiment.  To  the  soath  of  Bap  the  boolder  beds  die 
out  againat  the  old  land  Barfaoe  mentioned  in  section  12,  anditiaocoiseqneDtly  mora 
probable  that  a  sinkiiig  woold  strike  the  Vindhyans  tban  farther  to  die  nortli. 
MoreoTer,  there  appears  to  be  west  of  Bap  much  more  room  for  tho  deTelopment 
of  a  thick  Beriea  of  sandstones,  and  it  is  very  possible  that  the  Damadas  are 
present  here,  though  cat  out  on  the  section  between  Pokran  and  Jess^mir  by  the 
orerlap  of  the  npper-Oondwanae  on  to  the  bonlder  beds. 

20.  I  may  add  that  this  conntry  is  quite  untested  by  native  welle.  I  was 
informed  that  for  20  koe  west  of  Bap,  there  is  no  well :  at  Bap  itself,  I  vaa 
Informed  that  a  well  had  been  sunk  to  a  depth  of  50  pttrtu  (160  feet)  withont 
finding  water.  A  well  in  this  position  could  not  possibly  strike  coal,  being  started 
in  beds  below  the  coal-measures.  In  the  Gazetteer  of  Jeasalmir,  I  find  a  reference 
(page  169)  to  a  well  having  been  sunk  in  this  region  to  a  depth  of  nearly  300  feet 
wiUiont  finding  water.  No  conclnston  can  be  drawn  from  there  being  no  mea- 
tion  of  coal,  for  it  is  not  likely  that  villagers  ignorant  of  the  properties  or  v^ne  of 
that  mineral  would  take  any  notice  even  were  they  to  pass  through  a  bed  of  it  m 
sinking  their  wells.     Nor  is  the  exact  position  of  this  well  stated. 

21.  It  must  not  be  overlooked  that  the  whole  conntry  lying  south  of  the 
direct  road  from  Jodhpnr  to  Jeasalmir  is  absolutely  unknown,  and  it  is  by  no  mesns 
impossible  Uiat  the  coal-measures  may  be  present  in  parts  of  that  region,  for  the 
Talchir  bonlder  beds  are  highly  developed  at  Lowa  and  Pokran,  and  may  be  over- 
laid to  the  southwards  by  newer  beds  as  at  Bap.  Still  in  the  absence  of  noK 
detailed  examination  and  with  all  the  reservation  necessary  on  that  accoont,  I  wo 
inclined  to  regard  the  prospeots  of  finding  coal  in  the  country  west  of  Bap  u 
being  as  good  as  are  likely  to  be  met  with  anywhere  else  in  the  region  in  whicb 
alone  we  may  look  for  it. 

22.  With  regard  to  the  method  of  the  search,  either  a  series  of  borings 
might  be  at  once  pat  down  in  the  region  I  have  recommended  for  trial,  or  this 
might  first  be  examined  with  the  hc<lp  of  shallow  sinkings,  to  see  whether  there 
would  be  any  possibility  of  the  presence  of  the  Damadas. 

23.  There  can  be  no  doubt  that  the  first  would  be  the  most  rapid  and  thorongli 
method,  bat  it  would  also  be  the  most  expensive.  It  is  not  impossible  that  the 
less  expensive  form  of  exploration  would  show  the  nselessness  of  further  search^ 
bat  on  the  other  hand  if  the  results  so  obtained  were  not  absolutoly  nofavonrable, 
it  would  be  necessaiy  to  follow  them  up  by  the  more  thorough  method  of  a  serieB 
of  borings. 

24r.  The  country  might  also  be  explored  by  encouraging  the  villagers  to  sinfc 

wells ;  this  would,  however,  be  very  slow,  for  a  well  of  300  feet  in  depth  wonldtalie 

two  years  to  sink,  and  woold,  if  we  allow  a  dip  of  5^  (by  no  means  an  ei- 

'ated  estimate),  only  test  a  thickness  of  rook  corresponding  to  one  mile  in 

1  of  oatorop. 

».  I  have  not  personally  seen  the  country  I  reoommend  for  trial.  In  expla"' 
of  this,  I  may  say  that  my  instructions  wore  merely  to  execato  a  rapid  eipli). 
1  of  as  large  a  tract  as  possible,  and  that  when  I  reached  Bap  there  was  Httle 
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or  nothing  to  show  me  in  which  direction  I  would  do  moat  good.  There  were 
indeed  some  signs  that  the  dip  was  veering  round  to  northwards,  and  in  that  case 
a  northerly  course — ^the  one  I  adopted — would  have  proved  most  profitable.  Unf  or- 
tnnatelj  this  did  not  turn  out  to  be  the  case,  and  it  was  only  after  the  completion 
of  my  tour  and  by  putting  together  all  the  observations  I  had  made,  and  the 
information  I  was  able  to  obtain  from  the  natives  of  the  country,  that  I  formed 
my  conclusions  as  to  the  possible  existence  of  coal  in  the  country  west  of  Bap. 

26.  Under  these  circumstances  I  cannot  recommend  that  borings  be  immediate- 
ly sunk,  but  would  rather  advise  the  preliminary  examin  ation  of  the  district 
referred  to,  for  which  purpose  I  consider  that  an  establishment  of  15  to  20  ex- 
perienced quarrymen  should  be  sanctioned ;  these  men  would  be  employed  in 
making  numerous  shallow  sinkings  and  quarries  in  which  the  rocks  would  be  laid 
bare  and  their  nature  better  seen  than  in  the  very  bad  exposures  of  decomposed 
sandstone  which  are  alone  visible  in  this  region. 

27.  On  the  other  hand  it  is  n  ot  improbable  that  the  Jessalmir  Durbar  would  be 
more  willing  to  fiud  money  for  borings,  as  these,  even  if  they  did  not  strike  coal, 
would  very  probably  strike  water,  and  it  would  be  impossible  to  exaggerate  the 
Talue  and  importance  that  is  attached  to  water  in  this  arid  region.  • 


A  Note  on  the  Olive  Group  of  the  Salt-range,  hy  R.  D.  Oldham,  A.B.S.M., 
Deputy  Superintendent,  Geological  Sttrvey  of  India. 

The  last  number  of  these  Records  contained  a  paper  by  Dr.  Waagen  on  some 
palBBOzoic  fossils  recently  collected  from  the  Olive  group  of  the  Salt-range.  Dr. 
Waagen  declared  his  conviction,  founded  on  information  supplied  by  Dr.  Warth, 
that  these  fossils  were  derived  from  concretionary  nodules  and  gave  a  true  indi- 
cation of  the  age  of  the  beds  from  which  they  were  obtained  On  the  strength 
of  this  conclusion  Dr.  Waagen  declared  that  it  would  be  necessary  to  divide  the 
Olive  series  into  two  portions,  one  of  which  was  to  be  regarded  as  of  lower  car- 
boniferous, the  other  of  eocene  age.  I  was  consequently  despatched  to  the  Salt- 
range  to  verify  on  the  ground  an  opinion  involving  so  great  a  change ;  the  results 
of  my  observations,  which  entirely  confirm  Mr.  Wynne's  original  mapping,  are 
embodied  in  the  following  passages. 

On  meeting  Dr.  Warth  I  was  surprised  to  find  that  he  by  no  means  shared 
Dr.  Waagen's  confidence  in  the  concretionary  nature  of  the  fragments  which  had 
yielded  these  fossils,  and  that,  though  he  was  not  unwilling  to  allow  that  this 
opinion  might  be  correct,  and  that  the  fossils  truly  indicated  the  age  of  the  bed 
from  which  they  were  obtained,  he  decidedly  inclined  to  his  original  idea  that 
they  were  transported  pebbles  ;  on  examining  the  exposures  I  was  able  to  convince 
myself  that  in  this  he  was  perfectly  correct. 

In  the  first  place  the  bed  in  which  they  occur  is  a  thin  band  of  gravel,  the 
last  rock  in  which  one  would  d  priori  expect  concretionary  nodules  to  be  formed. 
Then  on  examining  the  so-called  concretions  I  found  that  in  many  cases  the  fossils 
extended  right  to  the  surface,  and  were  there  abruptly,  often  obliquely,  truncated, 
not  infrequently  they  could  be  seen  exposed  in  section  on  the  abraded  surface  of 
the  pebble  and  occasionally  fragments  could  be  found  showing  on  their  sur^e 
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the  abraded  and 'more  or  less  obscured  impressions  of  Oonularta  or  of  one  of 
the  associated  bivalves. 

This  would  in  itself  be  sufficient  proof,  but  confirmatory  evidence  is  not  want- 
ing. There  are  associated  with  this  bed  some  shaly  bands  lithologicallj  veiy 
similar  to  the  matrix  of  the  Oonularta  pebbles,  but  these  bands  have  so  fEkr  yielded 
no  trace  of  a  fossil :  further,  near  Ghoah  Saidan  Shah,  where  the  band  is  less 
markedly  gravelly  and  where  the  x>ebbles  have  more  the  appearance  of  concre- 
tionary nodules  than  near  Tobar,  there  are  frequent  lenticular  masses  of  an  incli 
or  more  in  thickness  and  6  to  12  inches  in  length  which  are  xmdoubtedly  of  con- 
cretionary origin  and  formed  in  aitu^  but  those,  though  they  have  been  most  care- 
fully searched  by  Dr.  Warth,  have  yielded  no  trace  of  a  fossil.  Yet  another  piece 
of  evidence  is  the  occurrence,  though  very  rarely,  of  pieces  of  pale  micaceona 
sandstone  in  this  band,  and  one  of  these  fragments  showed  obscure  impressions  of 
Oonularta  ;  now  this  fragment  was  angular  in  outline,  and  is  moreover  veiy  diiSer- 
ent  in  aspect  from  any  concretionary  nodule  that  has  ever  been  seen  by  me— or, 
I  may  safely  say,  any  other  geologist. 

After  this  it  might  be  thought  superfluous  to  add  anything  further,  but  it  will 
at  any  rftte  be  advisable  to  notice  the  arguments  on  which  Dr.  Waagen  based  hk 
final  conclusion.  Of  these,  the  last,  that  founded  on  the  homogeneity  of  the  fauna, 
is  without  doubt  the  most  important,  and  when  taken  in  conjunction  with  the  fact 
that  four  out  of  ten  species  are  either  identical  with  or  closely  allied  to  species 
which  in  Australia  are  found  in  beds  that  also  exhibit  proofs  of  glacial  action,^ 
would  seem  to  make  this  argument  conclusive.  Nevertheless,  in  the  face  of  direct 
evidence  pointing  to  a  different  conclusion,  this  becomes  worthless.  The  peculia- 
rity, however,  requires  some  explanation,  and  I  offer  the  following  hypothesis  as  one 
that  is  at  least  possible ;  a  careful  examination  of  the  f  ossiliferous  pebbles  has  induced 
me  to  believe  that  for  the  most  part  they  were  originally  concretionary  nodules, 
though  occurring  in  their  present  position  as  transported  pebbles.  I  base  this 
conclusion  on  the  fact  that  they  are  frequently  of  somewhat  irregular  shape,  and 
that  then  it  is  usual  to  find  the  fossils  completely  imbedded,  while  those  pebbles 
which  show  distinct  traces  of  transportation  and  in  which  the  fossils  are  trunca- 
ted at  the  surface  are  usually  fairly  well  rounded  and  water-worn.  It  will  he  seen 
that  if  this  contention  is  correct,  and  if  shaly  beds  with  concretionary  nodules,  for 
the  most  part  formed  round  fossils,  had  been  exposed  in  the  neighbourhood,  it 
would  not  be  difficult  to  account  for  the  abundance  of  pebbles  formed  from  these 
same  nodules. 

With  regard  to  Dr.  Waagen's  first  reason,  the  restriction  of  the  "  concretions" 
to  the  top  of  the  bed  in  which  they  are  found,  1  cannot  allow  this  to  pass  as  a  correct 
description  of  their  mode  of  occurrence,  though,  if  correct,  I  do  not  consider  that 
it  would  prove  anything.  Undoubtedly  the  fossiliferous  pebbles  do  occur  more 
abundantly  near  the  top  of  the  bed  than  in  the  lower  portions ;  but  this  is  easily 
explained  by  the  fact  that  most  of  the  pebbles  in  this  band  of  gravel  are  of  quartz 
or  hard  crystalline  rock,  and  are  of  greater  specific  gravity  than  the  fossiliferous 
pebbles.  In  consequence  of  this,  the  latter  would  be  swept  away  by  a  current  only 
sufficient  to  transport  the  former ;  but  as  the  current  died  away,  it  would  no  longer 

>  Supra,  p.  44. 


Jil 


PART  2.]         Oldham  :  Nole  on  the  Olive  Group  of  the  Salt-range.  129 

briiig  down'  the  heavier  pebbles  and  a  layer  of  the  lighter  fossiliferous  pebbles 
would  be  deposited  before  the  current  ceased  to  be  able  to  transport  even  them. 
This  hypothesis  is  supported  by  the  fact  that,  while  the  crystalline  pebble  gravel 
is  very  distinct  near  Tobarand  Pid,  it  is  almost  absent  in  the  exposures  near  Choah 
Saidan  Shah,  and  the  bed,  here  very  much  thinner,  contains  very  few  pebbles 
besides  the  fossiliferous  ones  and  some  of  slate  and  impure  limestone. 

This  thinning  out  of  the  bed  to  the  northwards  is  in  contradiction  to  Dr. 
Waagen's  original  supposition,  that  the  fossils  came  from  the  Himalayas — an 
opinion  which  must  have  been  founded  on  pure  hypothesis,  and  is  not  supported 
by  any  known  fact  for,  not  only  have  no  Himalayan  beds  yielded  fossils  similar 
to  those  of  the  pebbles,  but  all  the  fragments  of  rock  in  the  associated  boulder  beds 
are  of  most  conspicuously  peninsular  origin,  not  a  few  are  of  the  very  peculiar 
and  easily  recognizable  iSifalani  porphyry.  It  is  consequently  to  the  southwards 
that  we  must  look  for  the  original  source  of  these  fossils ;  the  only  locality  where 
any  rock  is  exposed  in  that  direction  is  the  Korana  hills,  and  unless  the  mother  rock 
of  these  pebbles  is  found  there  or  in  the  Salt-range  itself,  it  must  be  buried 
beneath  the  alluvium  of  the  Punjab. 

Having  shewn  that  the  fossils  are  of  derivative  origin  and  can,  consequently, 
not  be  appealed  to  in  determining  the  age  of  the  beds  in  which  they  occur,  it  re- 
mains to  see  whether  there  is  any  stratigraphical  evidence  in  favour  of  the  associa- 
tion of  the  boulder  beds  of  the  Olive  group  with  those  of  the  speckled-sandstone 
which  has  been  advocated  by  Dr.  Waagen,  and  to  determine  whether  it  will  be 
necessary  to  draw  any  line  of  division  in  what  has  so  far  been  regarded  as  a 
single  group.  I  may  at  once  remark  that  I  can  find  no  evidence  whatever  in 
favour  of  these  hypotheses,  but  have  every  reason  to  agree  with  Mr.  Wynne  in 
associating  these  beds  with  the  nummulitics  rather  than  with  the  older  beds,  and 
in  regarding  them  as  forming  a  single  homogeneous  series. 

Not  the  least  forcible  of  these  is  the  fact  that  Mr.  Wynne,  a  most  careful  ob- 
server, the  accuracy  of  whose  mapping  it  would  be  impossible  to  overpraise,  and 
who  had  most  ample  opportunities  for  examining  the  rocks  in  detail,  was  distinctly 
of  opinion  that  the  beds  of  the  Olive  group  belong  to  a  single  conformable  series 
of  beds,  and  that  this  is  more  closely  related  to  the  overlying  nummulitic  beds  than 
to  the  underlying  salt-pseudomorph  group  which  he  regarded  as  of  triassic  age. 

That  this  conclusion  is  correct,  is  proved  by  the  marked  unconformity  which 
can  be  traced  between  the  salt-pseudomorph  group  and  the  Olive  group,  and  the 
equally  marked  gradual  transition  from  the  latter  into  the  soft  white  sandstones 
which  underlie  the  nummulitic  coal. 

This  unconformity  is  well  seen  on  the  main  road  from  Pind  Dadan  Khan  to 
Rawalpindi  just  beyond  the  8th  milestone,  where  the  road  runs  in  a  sidelong 
cutting  in  the  steeply  sloping  hill  side.  Here  there  may  be  seen  a  small  lenticular 
patch  of  boulder  conglomerate  apparently  interbedded  in  the  red  beds  of  the  salt- 
pseudomorph  zone,  but  this  is  so  exceptional  and  so  much  at  variance  with  what 
is  8een*elsewhere  that  I  cannot  doubt  that  the  interbedding  is  only  apparent  and 
that  the  appearance  is  due  to  slippage,  of  which  there  is  ample  indication  just  here. 
But  everywhere,  as  long  as  the  junction  is  exposed  on  the  road  section,  the  boulder 
conglomerate  is  seen  to  rest  on  the  obliquely  and  irregularly  truncated  edges  of 
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tlie  beds  of  the  Balt-psendomorph  group.  Where  the  boandary  runs  up  the  hill 
side  this  is  of  course  not  so  clearly  seen,  though  the  unconformitj  can  be  detected 
in  the  ravines ;  but  here,  as  in  the  road  cutting,  the  boulder  bed  where  in  contact 
with  the  older  rocks  is  full  of  fragments  evidently  derived  from  them. 

An  equally  cogent  argument  may  be  derived  from  the  fact  that  on  all  the 
sections  I  have  examined  the  base  of  the  Olive  group  is  well  marked  by  the 
sudden  appearance  of  boulders  of  crystalline  rock  of  large  size.  At  their  first  ap- 
pearance they  are  always  fairly  abundant  and  below  the  point  at  which  they  first 
appear,  not  even  a  pebble  can  be  found  in  situ.  But  passing  upwards  the  verj 
reverse  is  the  case,  the  boulders  disappear  gradually,  becoming  rarer  and  rarer, 
and  long  after  they  cease  to  occur  with  any  regularity  isolated  fragments  may 
occasionally  be  seen.  Traces  of  glacial  action  are  not  common  as  high  up  in  the 
series  as  the  Conularia  bed,  but  they  do  occasionally  occur,  as  near  Tobar,  and  on 
the  descent  from  the  Dandot  plateau  to  the  Makrach  gorge  (where  I  did  iiot  find 
the  Conularia  bed),  one  boulder  occurred  in  a  white  sandstone  which  appears  to 
represent  the  Oardita  heaumonti  zone.  Now  the  section  up  from  the  Conularui 
bed,  which  evidently  must  be  associated  with  the  glacial  boulder  beds,  to  the 
soft  white  sandstone  which  underlies  the  coal  shale,  can  be  very  well  seen  in 
several  places  and  nowhere  perhaps  better  than  on  the  western  descent  from 
the  Pid  Bungalow  (Pid  F'ole  of  the  map)  and  on  the  hill  side  just  mentioned  above 
the  main  road  close  beyond  the  8th  milestone  from  Pind  Dadan  Khan,  and 
wherever  the  section  is  well  exposed  there  can  be  seen  to  be  a  continuous  seqaence 
and  gradual  transition  from  the  Conularia  bed  to  the  soft  sandstones  which,  as  far 
as  I  can  understand  the  case,  represent  the  Oardita  heaumonti  zone  of  Dr.  Waagen. 
The  section  above  these  cannot  be  so  well  seen,  but  there  is  no  reason  whatever 
for  supposing  that  there  is  anything  like  an  unconformity  between  them  and  the 
nummulitic  coal  shales. 

Dr.  Waagen  has  suggested  that  the  boulder  beds  of  the  Olive  g^roup  and 
those  of  the  speckled-sandstone  are  the  same.  I  find  it  impossible  to  accept  this 
view,  for  not  only  did  Mr.  Wynne  regard  them  as  absolutely  and  entirely  distinct, 
but  the  colouration,  from  which  their  name  was  derived,  is  so  marked  and  so 
distinct  that  it  is  possible  to  recognize  the  occurrence  and  even  to  trace  the 
boundary  of  this  group  from  a  distance— in  fact  from  as  far  as  it  is  possible  to 
see  the  distinction  between  hill  and  valley.  It  is  hardly  conceivable  that  this 
strongly  marked  feature  should  be  a  merely  local  phenomenon  and  not  indicate  a 
difEerence  of  age. 

The  stratigraphical  relations  of  the  beds  are  thus  seen  to  show  that  the  Olire 
group  is  a  homogeneous  group  and  must  be  associated  with  the  overlying  nnm- 
malitic  beds  rather  than  with  the  underlying  palsBOZoic  or  early  secondary  beds. 

If  it  should  be  objected  that  it  is  improbable  that  there  should  be  such  a 
development  of  glacial  boulder  beds  at  more  than  one  geological  horizon,  I  wonld 
point  out  that  Mr,  Lydekker  found  beds,  of  evidently  glacial  origin,  in  Ladak, 
which,  like  those  of  the  Salt-range,   conformably  underlie  the  nummulitic  series.^ 

>  This  must  be  taken  merely  as  a  suggestion.  I  do  not  bind  myself  to  anything  except  that 
the  fossils  occur  in  derivative  pebbles,  and  that  the  Olive  group  of  Mr.  Wynne  is  of  liter  origin 
than  the  rock  from  which  they  are  derived. 
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As  regards  the  speculations  Dr.  Waagen  has  based  on  these  fossils,  they  are  very 
similar  to  some  which  I  put  forward  in  1884,^  except  that  the  latter  were  perhaps 
more  in  accordance  with  the  known  principles  of  physical  geography,  which  hard- 
ly warrant  us  in  picturing  a  glacial  epoch  wandering  about  the  earth  like  a  lion  seek- 
ing whom  or  what  it  may  devour.  All  such  speculations,  though  useful  in  indiqat- 
ing  possibilities,  should  be  used  with  great  caution,  and  should  not  under  any 
circumstances  be  regarded  as  serious  geology. 

To  sum  up :  Ist,  the  fossils  discovered  by  Dr.  Warth  being  of  derivative  origin, 
simply  prove  that  the  Olive  group  is  post-carboniferous  ;  2nd,  the  stratigraphical 
relations  of  the  beds  prove  that  it  is  a  homogeneous  group  which  is  closely  associated 
with  beds  of  acknowledged  nummulitic  age  ;  3rd,  it  is  in  all  probability  of  contem- 
poraneous origin  with  the  infra-nummulitic  glacial  beds  of  Ladak ;  4th,  there  is  at 
present  neither  need  nor  reason  for  a  revision  of  Mr.  Wynne's  survey ;  and  6th,  the 
question  as  to  the  age  of  the  Talchir  group  of  the  Gondwana  series  is  left  precisely 
as   it  would  be  had  these  fossils  never  been  discovered. 


Memorandum  on  the  discussion  regarding  the  boulder-beds  of  the  Salt-range, 
by  H.  B.  Meplicott,  Director  of  the  Geological  Survey  of  India, 

The  promulgators  of  an  important  announcement  are  bound  to  give  immediate 
publicity  to  any  doubt  that  may  arise  regarding  it,  and  I  accept  Mr.  Oldham's 
note  as  throwing  much  doubt  upon  the  new  view  of  the  Salt-range  sections  ex- 
pounded by  Dr.  Waagen  in  the  last  number  of  the  Records ;  but  as  the  note  is 
not  completely  demonstrative  and  exhaustive,  it  is  desirable  to  anticipate  further 
discussion  by  an  appraisement  of  the  present  evidence  on  both  sides. 

Having  no  personal  knowledge  of  the  ground,  I  accepted  the  new  view  on  its 
merits  as  represented  by  Dr.  Waagen,  who  next  to  Mr.  Wynne  was  most  familiar 
with  the  sections  in  question,  and  he  was  moreover  in  direct  communication  with 
the  observer  who  furnished  the  immediate  data  for  the  change  of  interpretation. 
In  adopting  the  view  so  forcibly  presented  I  had  the  satisfaction  of  finding  that 
no  discredit  was  imputed  to  Mr.  Wynne's  work.  Besides  that  Dr.  Waagen  was 
himself  almost  as  much  concerned  as  Mr.  Wynne  in  any  oversight  that  had  been 
made,  it  seemed  that  the  oversight  in  question  was  of  a  most  venial  nature *-the 
not  having  detected  fossils  in  a  particular  thin  bed  of  gravel ;  and  I  know  well  how 
deceptive  may  be  an  appearance  of  natural  continuous  sequence  of  strata.  On  the 
whole,  as  represented  by  Dr.  Waagen,  the  proposed  view  seemed  to  me  to  recon- 
cile some  apparent  anomalies  in  the  stratigraphy  of  the  Salt-range  as  represented  in 
Mr.  Wynne's  memoir,  notably  the  similarity  noticed  by  him  in  the  several  boulder, 
beds  placed  in  very  different  horizons,  although  apparently  in  more  or  less  con- 
tinuous connexion.  I  even  thought  that  the  new  reading  would  be  especially 
pleasing  to  Mr.  Wynne,  as  tending  to  re- vindicate  his  original  view  of  the  occur- 
rence of  older  palaeozoic  strata  in  the  eastern  Salt-range,  which  had  been  the 
principal  point  of  difference  between  him  and  Dr.  Waagen.  I  did  indeed  per- 
ceive a  want  of  due  discussion  of  petrological  and  stratigraphical  evidence  in 

'  Some  rough  notes  for  the  constroction  of  a  chapter  in  the  History  of  the  Earth,  J.  A.  S.  B., 
(1884). 
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Dr.  Waagen's  presentation  of  the  case,  but  this  seemed  attribatable  to  the  fact 
that  Dr.  Warth  is  not  a  practised  observer,  and  the  main  arguments  brougLt 
forward  appeared  overwhelming ;  these  were,  the  occurrence  of  a  small  special 
fauna  in  a  particular  bed  over  a  large  area ;  and,  that  the  reputed  bouldei>bed 
of  the  Olive  group  comes  to  an  end  just  where  the  speckled -sandstone  boulder 
group  comes  in.  Coincidences  such  as  these  would  be  little  short  of  miraculous 
if  fortuitous ;  and  the  two  together  seemed,  as  I  say,  overwhelming.  Neverthe- 
less I  determined  to  have  the  case  looked  into  at  an  early  date.  My  only  reluc- 
tance in  deputing  Mr.  Oldham  for  this  duty  was  that  he  might  be  unconsciously 
inclined  to  favour  a  view  that  seemed  to  tally  so  well  with  his  own  recent  observ- 
ations.    His  decision  has,  however,  been  decidedly  adverse. 

It  would  have  been  impossible  for  Mr.  Oldham  in  a  short  visit  at  the  end  of 
the  working  season,  when  the  Salt-range  is  like  a  fiery  furnace,  to  have  made 
anything  like  an  exhaustive  study  of  this  question.  He  confirms  the  leading 
facts  of  the  occurrence  of  these  peculiar  fossils,  though  not  absolutely  restricted 
to  the  one  layer.  This  of  course  so  far  strengthens  Dr.  Waagen's  position,  upon 
the  exclusive  presence  of  palasozoic  fossils  in  what  were  taken  to  be  cretaceous 
deposits.  Mr.  Oldham  brings  the  petrological  evidence  to  what  he  considers 
demonstration  point :  that  these  fossils  are  all  transported  ahd  cannot  therefore 
be  taken  as  indicating  the  age  of  the  bed  in  which  they  occur ;  he  admits  that 
the  *  pebbles '  were  originally  concretionary,  but  that  in  their  present  position 
they  are  true  pebbles.  It  is  at  least  possible  to  demur  to  some  of  his  arguments 
involving  *  a  priori*  views  of  what  may  or  may  not  be  possible  in  this  mode  of 
solidification.  The  symmetry  of  form  usually  conveyed  by  the  word  *  nodular ' 
is  more  or  less  implied  in  this  argument  as  necessary,  which  may  be  questioned : 
most  of  us  have  seen  conglomerates  and  gravels  cemented  by  carbonate  of  lime  in 
more  or  less  irregular  form  and  degree ;  kankar  and  flints  commonly  assume  the 
most  fantastic  shapes,  and  I  certainly  have  seen  flints  with  fossils  not  merely 
appearing  at  the  surface  but  projecting  beyond  it.  Again,  these  Conularicsy 
like  most  fossils,  were  at  first  virtually  pebbles,  and  subject  to  abrasion  from 
water  movements ;  can  it  be  said  to  be  d  priori  impossible  that  in  becoming 
included  in  lumps  formed  in  the  matrix  the  abraded  end  of  a  Oonularia  might 
remain  at  the  surface  of  the  lump  so  formed?  Mr.  Oldham's  ruling  on  this 
petrological  point  might  be  made  almost  absolute  if  he  could  assert  that  the 
ground-mass  of  the  gravel  bed  is  quite  different  from  that  of  the  fossiliferoas 
pebbles  in  the  bed. 

But  even  granting  the  literal  correctness  of  Mr.  Oldham's  opinion,  that  these 
fossil  if erous  pebbles  were  not  formed  in  the  very  bed  where  they  occur  and  are 
not  therefore  rigorously  contemporaneous,  the  puzzle  would  not  be  solved ;  nor 
is  it  much  affected  by  Mr.  Oldham's  explanation  of  how  these  pebbles  might 
have  been  sorted  as  we  find  them.  This  only  shows  how  the  disputed  fact 
must  have  come  about  if  it  is  a  fact,  but  to  avoid  which  Dr.  Waagen  felt  com- 
pelled to  adopt  the  view  he  has  brought  forward.  Is  it  conceivable  that  in  upper 
cretaceous  time,  when  the  abundantly  fossiliferous  permian  and  secondary  deposits 
were  in  force  in  the  neighbourhood  and  presumably  exposed  to  denudation  if  older 
deposits  were  so,  a  special  collection  of  fossils  from  those  older  deposits  can  have 
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been  raked  together,  transported  together,  and  deposited  together  at  a  distance 
by  the  promiscuous  process  of  detrital  agency  ?  Is  it  not  more  plausible  to 
8 appose  that  they  were  washed  into  the  gravel  bed  from  some  contemporaneous 
(palflBozoic)  pool  deposit  close  by  ?  So  long  as  special  palsDOZoic  fossils  only  are 
found  in  these  beds,  their  upper  cretaceous  age  will  be  open  to  doubt. 

Mr.  Oldham  next  takes  up  the  stratigraphical  question  of  the  relation  of  the 
Ooiiularia  beds  to  those  above  and  below  them.  As  to  the  upward  succession  he 
strongly  re-affirms  the  view  of  a  continuous  sequence  up  to  the  nummulitic  coal- 
measures.  This  opinion  must  carry  much  weight ;  but  it  would  be  difficult  to 
say  that  the  possibility  of  deception  is  inadmissible.  Even  if  a  stray  Gonularta 
pebble  were  found  in  the  true  Oardita  beaumonti  beds  there  would  be  no  wonder, 
considering  their  abundance  in  the  zone  below.  The  strong  unconformity  of  the 
boulder-bed  to  the  underlying  salt-pseudomorph  group  would  only  be  pertinent  to 
the  question  at  issue  through  the  relation  of  the  latter  to  the  speckled-sandstone 
group,  regarding  which  point  no  fresh  information  is  given. 

The  lines  of  evidence  so  far  considered  are  only  susceptible  of  cumulative 
proof.  In  the  sections  west  of  Makrach  it  ought  to  be  possible  to  get  absolute 
evidence  in  favour  of  the  old  interpretation  if  it  be  tenable.  This  is  the  second 
crucial  point  in  Dr.  Waagen*s  position,  the  relation  of  the  eastern  boulder-bed  to 
those  of  the  speckled-sandstone.  Mr.  Oldham's  investigation  did  not  reach  so 
far. 

Even  if  the  eastern  end  of  the  boulder  beds  should  remain  as  originally 
placed,  in  the  cretaceo-eocene  zone,  those  of  the  western  and  trans-Indus  sections 
which  are  undoubtedly  paleBozoic,  will  still  hold  the  position  assigned  to  them  by 
Dr.  Waagen,  as  presumably  representing  the  Talchirs. 


Note  on  the  Gondwana  Homotaxis,  by  B.  Ltdekkeb,  B.A.,  F.0.8. 

It  is  extremely  interesting  to  notice  how  very  closely  the  age  assigned  to 
the  different  groups  of  the  Qondwanas  from  the  discoveries  recorded  by 
Dr.  Waagen^  and  Mr.  Oldham  '  tallies  with  that  indicated  by  the  vertebrates.  In 
dealing  with  the  vertebrates  of  certain  Gondwana  groups,  I  have  shown  •  that 
their  evidence  taken  alone  would  indicate  the  following  homotaxy,  viz.:-^^ 

fefu:^-"M^^^.      }  (Jabalpur  .od  Bajmahl). 

Low,  Trias.: — Panchet. 

Permian  :  — Bijori,  and  Mangli  (Up.  Damuda). 

This  would  indicate  that  the  Barakars  (how.  Damuda)  correspond  either  with 
the  lower  permian  or  the  upper  carboniferous,  and  the  Talchirs  either  with  the 
upper  or  lower  carboniferous.^      In  the  face  of  the   apparently  contradictory 

»  '  Rec.  Geol.  Suit.  Ind.,*  vol.  xix,  pp.  22—38  (1886). 

•  Ibid,  pp.  89—47. 

*  '  FaliBontologia  Indica,'  Ser.  4,  vol.  i,  pt.  4,  p.  2,  and  pt.  5,  p.  2. 

^  Dr.  Waagen  classes  the  Salt-range  boulder-bed  (the  equivalent  of  the  Tftlchirs)  with  the 
upper  carbouiferuufl,  as  he  affiliates  it  to  the  lower  Productus-Iiuiestone  which  is  provisionally 
referred  to  the  same  period.  The  marked  unconformity  between  the  two  suggests,  however,  as 
Mr.  Medlicott  observes,  a  somewhat  lower  horizon  (?  lower  carboniferous)  for  the  two  bouldcr-beds. 
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plant-evidence,  I  did  not  yentiire  to  assert  that  sncli  homotaxy  was  the  trae  onei 
but  its  almost  precise  agreement  with  that  given  bj  Dr.  Waagen  ^  can  scarcely  be 
an  accidental  coincidence,  and  therefore  indicates  that  it  may  be  approximately 
accepted,  and  also  shows  that  in  future  greater  value  may  be  attached  in  such 
cases  to  vertebrate  evidence  than  has  hitherto  been  considered  prudent. 

The  second  point  I  have  to  notice  is  the  probable  occurrence  in  the  Nortb- 
West  Himalaya  of  a  representative  of  the  Salt-range  (Talchir)  boulder-bed.  In 
the  Kashmir  area  the  Kuling*  series  apparently  corresponds  to  the  lower  Pro- 
ductus-limestone,  which  Dr.  Waagen  ^  regards  as  probably  equivalent  \x>  the 
upper  carboniferous.*.  Beneath  this  series  there  occurs  a  considerable  thickness  of 
trap,  underlain  by  a  conglomerate,  which  has  been  correlated  with  the  Blaioi 
group  of  Simla,  and  has  been  compared  both  by  Colonel  McMahon  and  myself^ 
to  a  glacial  boulder- bed.  Disregarding  the  traps,  the  presence  of  which  is  so-fco- 
speak  accidental,  it  will  be  apparent  that  the  boulder-bed  holds  much  the  same 
relative  position  to  the  KuliDg  series  as  the  Salt-range  boulder-bed  does  to 
the  Productus-limestone,  and  the  presumption  therefore  is  that  the  two  are 
approximately  equivalent.  Other  boulder-beds  lower  down  in  the  Himalayan 
series  point  to  the  prevalence  of  glacial  conditions  at  an  earlier  epoch. 


ADDITIONS  TO  THE  MUSEUM. 

Fbom  1st  Januabt  to  31  st  March  1886. 

Specimens  of  sandBtone,  white  marble,  femiginons  limestone,  and  limestone,  some  cnt  and 
polished,  and  gypsum  in  the  raw  state  and  prepared  for  use,  21  specimens  in  all,  from 
different  localities  in  Jodhpur  and  Jesalmir. 

Fbksentbd  bt  thb  Political  Aobnt,  Jbtpobb. 

Six  specimens  of  bloedite  from  the  Warcha  mine,  Mayo  salt-mines,  Punjab. 

Pbbsbnted  by  Db.  H.  Wabth. 

Some  gem  sand  (mostly  spinel)  from  Mogout,  Upper  Burmah,  and  a  specimen  of  jadeite  from 
the  palace,  Mandalay. 

Pbbsbntbd  by  Db.  B,  Romanis,  Bavgook. 

A  specimen  of  oerussite,  with  qnartz  and  o^bre,  from  Bardi  district.  South  Rewah. 

Pbbsbiitbd  by  Majob  D.  W.  E.  Babb,  Political  Aobnt,  Bbaosi- 

KHAND,  AND  SUFBBINTENDBNT  OF  RbWAH  StATS. 

'   Op.  (fit.,  pp.  34-35. 

'  Op.  cit,  p.  32. 

'  Basing  my  judgment  on  the  number  of  species  common  to  the  Kuling  and  Prodactiu* 
limestone  and  the  Mountain-limestone,  I  have  previously  (Mem.  Geol.  Surv.  Ind.,  vol.  xxii.p-l^^ 
[1883])  referred  both  the  former  groups  to  the  lower  carboniferous,  having  overlooked  a  previoosly 
published  note  of  Dr.  Waagen's  to  the  effect  that  the  Productus-limestone  was  not  newer  than  the 
upper  carboniferous  (see  Manual  of  Geology  of  India,  Pt.  2,  pp.  492-3  [1879]).  The  reference  of  the 
Kuling  to  the  upper  insteudof  the  lower  carboniferous  accords  much  better  with  the  fauna  of  tbe 
■ucceediog  strata,  which  (as  in  the  Salt-range)  has  a  triassic  facies.  The  age  of  the  Moth  teries 
(provisionally  referred  by  Stoliczka  to  the  upper  siluriaa)  which  underlies  the  Kuling  of  Spiti,  sua 
has  been  correlated  with  the  Blaiui,  requires  re-cousideratlon. 

^  Mem.  Geol.  Surv.  Ind.,  vol.  xzii,  p.  247. 
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A  large  t>iece  of  nummulitic  ooal  from  Chitteedand,  10  miles  west  of  Ebewrah,  8alt-raDge, 
Punjab. 

Pbbsbntbd  by  Db.  H.  Wjlbth. 
Four  specimens  of  fossil  plants  from  the  Eaniganj  colliery. 

Fbbsbnted  by  Mb.  G.  Babtok,  Ranigavj. 
Pebbles  with  Conularia,  etc.,  from  tbe  Olive  group  of  the  Salt-range. 

Pbbsbntbd  by  Db.  H.  Wabth. 


ADDITIONS  TO  THE  LIBRARY. 

Fbom  1st  Januaby  to  SIst  Mabch  1886. 
Titles  of  Books,  Donors. 

Akdbbson,  J.  W.^-The  Prospector's  Handbook.    A  guide  for  the  prospector  and  traveller  in 

search  of  metal-bearing  or  other  valuable  minerals.    8°  London,  1886. 

Ball,    Valentine. — On  the  collection  of  the  fossil  mammalia  of  Ireland  in  the  Science  and  Art 

Museum,  Dublin.    4**  Pam.    Dublin,  1886.  Thb  Authob. 

Bbckbb,  George  F.^A  theorem  of  maximum  disslpativity.   8°  Pam.    New  Haven,  1886. 

Thb  Authob. 

„  A  new  law  of  Thermo-Chemistry.    8°  Pam.    New  Haven,  1886. 

Thb  Authob. 

Bonvby,  T,  O. — On  the  Archaean  rocks  of  Great  Britain.    8°  Pam.    London,  1885. 

R.  Lydbkkbb. 

„  Address  delivered  at  the  anniversary  meeting  of  the  Geological  Society  of 

London  on  the  20th  February  1886.     8''  Pam.    London,  1886. 

R.  Lydbkkbb. 

Bbokh*8   Klassen  und  Ordnungen  des  Thier-Reichs.    Band  VI,  Abth.  3,  lief.   48-49.    8"* 

Leipzig,  1885. 
BncKLBB,  William.— The  larvee  of  the  British  Butterflies  and  Moths.   Edited  by  H.  T. 

Stainton.    Vol.  I.  (Ray  Soc).    8°  London,  1886. 
Cambbon,  Peter, — A  monograph  of  the  British  Phytophagous  Hymenoptera.     (Tenthredo, 

Sirex  and  Cynips,  Linu^).  Vol.  II.     (Ray  Soc).     S"  London,  1885. 
CoPB,  J?.  D, — Synopsis  of  the  species  of  OreodontidsB.    8°  Pam.     Philadelphia,  1884. 

R.  Lydbeeeb. 

M  On  the  structure  of  the  skull  in  the  Elasmobranch  genus  Didymodus.    8* 

Pam.    Philadelphia,  1884.  R.  Lydbkkbb. 

DoYLB,  Pat, — Coal-mining  by  blasting  in  the  Bengal  coal-fields.   Flsc.  Pam.    Roorkee,  1885. 

Thb  Authob. 

DUPONT,  itdouard, — Note  sur  le  terrain   Devonien    Moyen   de  la  Belgique.      8°  Pam. 

Bruxelles,  1885.  Thb  Authob. 

„  Sur  les  calcaires  f i-asniens  d'originne  corallienne  et  sur  leur  distribution 

dans  le  massif  pal^ozoique  de  la  Belgique.     8°  Pam.    Bruzelles,  1886. 

Thb  Authob. 

„  Note  sur  le  Devonien  Inf^rieur  de  la  Belgique*    8**  Pam.    Bruxelles, 

1885.  Thb  Authob. 

Fbitsch,  Dr,  ^»^.— Fauna  der  Gaskohle  und  der  Kalksteine  der  Permformation  Bohmens. 

Band  II,  heft  2.    4°  Prag,  1885. 

G BB wiKOK,  C— Die  geognostischen  und  orographischen  verhaeltnisse  des  Noerdlichen  Per- 

siens.    8^  St.  Petersburg,  1853. 
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Titles  of  Books.  Donon, 

Jackson,  James,— TMbbm  de  diverses  vitesBes  ezpiimtfes  en  metres  par  seoonde.    8^  Fsdl 

Pbris,   1885.  ThbAuthob. 

KuNZ,  George  F. — Precious  stones.    8**  Pam.    Washington,  1885.  Thb  Authob. 

Lbmoinb,  3£.  -  l^tude  sar  le  Neopla^iaulaz  de  la  fanne  ^^ne  inf^rieore  des  environs  ds 

Reims.    8°  Pam.    Paris,  1883.  B.  Ltdbkkeb. 

Lbmoinb,   Fifc^or.— La  vigne  en  champagne  pendant  les  temps  g^logiqnes.    8°  Pam. 

Chalons,  1884.  B.  Ltdbkebb. 

Ltdekebb,  Bichard. — ^A  revision  of  the  antelopes  of  the  Siwaliks.    8*  Pam.    London,  1885. 

B.  Ltdbekbb. 

Note  on  an  apparently  new  species  of  Hyopotamos  (H.  Picteti, 
nohis).    8**  Pam.    London,  1886.  R.  Ltdbekbb- 

Note  on  the  generic  identity  of  the  genns  Esthonyx,  Cope,  with 
Platyohoerops,  Charlesworth  (=Miolophu8,  Owen).  8°  Pam.  London, 
1886.  R.  Ltdeeebi. 

Note  on  some  Siwalik  bones  erroneously  referred  to  a  Struthioid 
(Dromseus  (P)  Sivalensis,  Lyd.)    8^  Pam.    London,  1885.  B.  Ltdbkebb. 

Note  on  three  genera  of  fossil  Artiodactyla,  with  description  of  a 
new  species.    8°  Pam.    London,  1886.  B.  Ltdeeebb. 

Mbteb,  Oito, — The  genealogy  and  the  age  of  the  species  in  the  southern  Old-Tertiary.  ParU 

1-2.    8''  Pam.    New  Haven,  1885.  B.  Ltdbeebb. 

MuBBAT,  James  A,  ^.— A  new  English  Dictionary  on  historical  principles ;  founded  mainlj 

on  the  materials  collected  by  the  Philological  Society.    Part  2.   4^ 
Oxford,  1885. 

Notes  on  products  of  the   Makum  coal-measures  exhibited  by  the  Assam  Bailways  and 

Trading  Co.,  Ld.,  at  the  Colonial  and  Indian  Exhibition,  London,  1886. 
2nd  edition.    8"*  Pam.     Dibragarh,  1886. 

Bevenub  and  Aobicfltubal  Dbpabthbxt. 

PaMontologie  Fran9aise.  1'*  s^rie.     Animaux  Invert^br^.  Terrains  Tertiaires.  Tome  I,  livr. 

1-2  :  and  2"'  s^rie,  V^g^taux,  Tome  IV,  livr.  34.     8°  Paris,  1886-1886. 

Pbestwich,  Joseph, — **  Regional  Metamorphism."     8°  Pam.    London,  1886. 

B.  Ltdbekbb. 

Schmidt,  Carl  Wilhelm, — Die    Liparite    Islands    in  gcologischer    nnd    petrographiacber 

Beziehung.    8^  Pam.    Berlin,  1886.  Thb  Authob. 

Thomson,  Sir  C.  Wyville,  and  Mubbat,  John, — Beport  on  the  scientific  results  of  the 

voyage  of  H.  M.  S.  "Challenger  "  during  the  years  1873 — ^76.    Zoology. 
Vols.  XII-XIIL    4,^  London,  1886. 

Thb  Secbbtabt  of  Statb  fob  India. 

Waltenhofbn,  a,  von, — Ueber  die  Thermen  von  Gastein.    8^  Pam.    Wien,  1886. 

Thb  Authob. 

Wabd,  Thomas,  JT*.  The  Indian  Coal-mines.  Is  legislation  necessary  to  regulate  their  work- 
ing P  Some  remarks  on  "The  Critic  criticised,"  by  Joseph  Chater.  8" 
Pam.    Calcutta,  1886.  Thb  Authob. 

ZiTTBL,  Karl  A. — Handbuch  der  Palceontologie.    Bnnd  II,  Abth.  I,  lief  6,  and  Band  II, 

Abth.  II,  lief  4.    8''  Mnnchen,  1886. 
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PERIODICALS,  SERIALS,  &c. 

Titles  of  Books,  Donors, 

American  Journal  of  Science.    3rd  series.  Vol.  XXX,  No.  180,  and  XXXJ,  Nos.  181 — 182. 

8*  New  Haven,  1885—1886.  The  Editobs. 

American  Naturalist    Vol.  XIX,  Nos.  10—12,  and  XX,  No.  1.    8*  Philadelphia,  1886— 

1886. 
Annalen  der  Physik  und  Chemie.    Neue  Folge.  Band  XXYI,  hefl  4,  and  XXVII,  Nos.  1 — 2. 

8*  Leipzijr,  1885-1886. 
Annales  des  Mines.    8"'  s^rie.    Tome  YIII,  livr.  4—5.    8**  Paris,  1885. 

L'admins.  dss  Mines 

Annales  des  Sciences  G^ologiques.    Tome  XVII — XVIII.    8"  Paris,  1885. 

Annates  des  Sciences  Naturelles.    Botanique.     7"'  serie.    Tome  II,  Nos.  2—6.    8**  Paris, 

1885. 
Annales  des  Sciences  Naturelles,    Zoologie  und  PaMontologie.    6"*  si^rie.  Vol.  XIX,  Nos.  2 — 

3.    8°  Paris,  1885. 
Annals  and  Magazine  of  Natural  History.      5th  series.    Vol.  XVII,  Nos.  97 — 99.    8^ 

London,  1886.  ^ 

Archiv  fiir  Naturgeschichte.     Jahrg.  LI,  heft  4.     8**  Berlin,  1885. 
Athenaeum.  Nos.  3034—3045.     4**  London,  1885—1886. 
Beiblatter  zu  den  Annalen  der  Physik  und  Chemie.    Band  IX,  No.  12,  and   X,  Nos.  1 — 2. 

8^  Leipzig,  1885—1886. 
Biblioth^ue  UniverBelle  et  Revue  Suisse.    3"*  p^riode.    Tome  XXVIII,  Nos.  83—84,  and 

XXIX,  No.  85.    8°  Lausanne.  1885—1886. 
Biblioth^ue  Universelle.    Archives  des  Sciences   Physiques  et  Naturelles.    3"*   p^node.^ 

Tome  XIV,  Nos.  &— 12.    8^*  Genfeve,  1885. 
Botanischer  Jahresbericht.    Jahrg.  XI,  Abth.  I,  heft  2.    8^  Berlin,  1885. 
Botanisohes  Centralblatt.    Band  XXIV,  Nos.  11—13,  and  XXV,   Nos.  1—9.    8"*  Cassel, 

1885— 18R6. 
Chemical  News.    Vol.  LII,  No.  1360  to  LIII.  No.  1371.    4**  London,  1885—1886. 
Colliery  Guai^ian.    Vol.  L,  No.  1303  to  LI,  No.  1314.     Fol.  London,  1885—1886. 
Das  Ausland.    Jahrg.  LVIII,  Nos.  50—52,  and  LIX,  Nos.  1—9.    4P  Stuttgart,  1885—1886* 
Geological  Magazine.    New  series.     Decade  III,  Vol.  III.  Nos.  1 — 3.    8**  Loudon,  1886. 
Iron.     Vol.  XXVI,  No.  675  to  XXVII,  No.  686.    Fol.  London,  1885—1886, 
Journal  de  Conchy liologie.     3"*  s^rie.     Tome  XXV,  No.  3.    8**  Paris,  1885. 
Journal  of  Science.    3rd  series.  Vol.  VII,  Nos.  143—144.    8""  London,  1885. 

The  Editor. 

London,  Edinburgh  and  Dublin  Philosophical  Magazine  and  Journal  of  Science.    5th  series. 

Vol.  XXI,  Nos.  128—130.    8°  London,  1886. 
Mining  Journal,  with   Supplement.    Vol.  LV,  No.  2625  to  LVI,  No.  2686.    Pol.  London. 

1885—1886. 
NatursB  Novitates.    Nos.  24—25  (1885),  and  Nos.  1—4  (1886).    8°  Berlin,  1885—1886. 
Nature.     Vol.  XXXIII,  Nos.  842-853.    4"  London,  1885—1886. 
Neues  Jahrbuch  fur  Mineralogie.    Geologic  und  Palaeontologie.    Jahrg.  1886,  Band  I,  heft 

1.    8°  Stuttgart.  1886. 
Bepertorinm  zom  Neuen  Jahrbuch  fiir  Miners  logic.  Geologic  und  Palaeontologie  fiir  die  Jahr- 

gange,  1880 — 1884,  und  die  Beilage-Bande  I— II.    Von  Dr.  Leopold  van 

Werveke.     8°  Stuttgart,  1885. 
Palaeontographica.    Bund  XXXII,  lief  I.    4*  Stuttgart,  1885. 
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Titlei  of  Books.  Donort, 

PetermanD's  Geographiscbe  Mittheilungen.    Band  XXXI,   No.  12,  and  KXXII,  Nos.  1-3- 

4*  Gotha,  1885—1886. 
Petermann's  Geographische  Mittheilungen.     Sapplement  No,  80-    4^  Gotha,  1885. 
Professioaal  Papers  on  Indian  Eiigineeiing.     Srd  Beries.    Yol.  III.,  No.  12.    Flsc  Roorl:ee, 

1885.  Thomasov  Collbgx  of  Citil  Ehoivbibiho. 

Qoarterlj  Jonrnal  of  Microscopical  Science.   New  series.    Yol.  XXYI,  No.  101.    8**  Londor, 

1885. 

Zeitschrift  fur  Naturwissenschaften.    Folge  4.     Band  lY,  heft  4—5.     8''  Halle,  1885. 
, Zoological  Record.     Vol.  XXI.    8"  London,  1885. 


GOVERNMENT  SELECTIONS.  REPORTS,  Ac. 

Titles  of  Books.  Bonort. 

Assam. — Report    on   the  administration  of  the    province  of  Assam  for  1884-85.    ¥\sc, 

Shillong,  1886.  Chibf  Commissiohbb,  Assim. 

Bbngal.— Quarterly  Bengal  Army  List  for  Ist  January  1886.     New  series.  No.  95.  ^ 

Calcutta.  1885.  Goybbnh but  of  Isdia 

„  Report  on  the  administration  of  Bengal,  1884-85.    Flsc.  Calcutta,  1886. 

GovBBNMBNT  of  fiEVOil. 

Boif  BAT. — Magnetical  and  meteorological  observations  made  at  the  Government  Observatorj. 

Bombay,  1884.  4°  Bombay,  1885.  Bombay  OBSBBviTOsr. 

„  Report  on  the  administration  of  the  Bombay    Presidency  for   1884-85.  Flsc. 

Bombay,  1885.  Bombay  GoTBBBMiirr. 

Hydbbabad. — Report    on   the    administration  of  the  Hydeiabad  Assigned   Districts  for 

1884-85.  Flsc.  Hyderabad,  1885.  Thb  Rbsidbnt,  Hydbbabad. 

India.— Administration  report  on  the  Indian  State  Railways  from  the  commencement  to  the 

end  of  1879-80,  and    administration  report  on   Railways  in  India  for 
1880-81  to  1884-85.  Flsc.  Calcutta,  Simla,  and  Roorkee,  1881  to  1885. 

GoyBBNMERT  or  Irdia. 
Li»t  of  officers  in  the  Survey  Departments  oorrocted  to  Ist  January   1886.  FI«. 

Calcutta,  1886.  RbVBNUB  and  AOBXCULTUBAL  DsPABTHKliT. 

Meteorological  observations  recorded  at  six  stations  in  India  in  1885,  redaced 
and  corrected.    September  and  October.  4P  Calcutta,  1885-1886. 

MbTBOBOLOGICAL  RePORTBB  to  GoYBBNMBNT  of  I5DIA- 

„  Selections  from  the  records  of  the  Government  of  India,  Foreign  Department.  Noi 

207,  208  and  210.  Flsc.  Calcutta,  1885.  Fobbign  Dbpabtmisi- 

Ma  DBAS  .—Manual  of  the  administration  of  the  Madras  Presidency,  in    illastration  of  the 

records  of  Government  and  the  yearly  administration  reports.  Yol.  1I» 

Flsc.  Madras,  1885.  Madbas  GovbbBMBbT. 

„        —Report  on  the  administration  of  the  Madras  Presidency  during  1884-85.  Fl*c. 

Madras,  1885.  Madbas  Gotbbkmmi- 


»f 
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TRANSACTIONS,  PROCEEDINGS,  Ac,  OF  SOCIETIES.  SURVEYS,  Ac. 

BALTliiOBB.— American  Journal  of  Mathematics.   Vol.  Yll,  No.  4.  4"*  Baltimore,  1885. 

Johns  Hopkins  UNiTiBsnt. 

Basbl.— Verhandlungen  der  Naturforschenden  Gesellschaft  in  I3a»el.    Theil  VII,  beft  •?• 

8' Basel,  1885.  Thb  Socijty. 
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TUUs  of  Books.  Donort, 

DxitFAST.— Report  and  Proceedings  of  the  Belfast  Nataral  History  and  Philosophical  Society 

for  1884-86.    8**  Belfast,  1885.  Thb  Socibtt 

Sbbuit. — Sitzungsheriohte  der  Konig.  Preussischen  Akademie  der  Wissenschaften  za  Berl  in 

Nos.  I^IXXIX.    8""  Berlin,  1885.  Thb  Acadbht. 

y,  Zeitschrifl  der  Deutschen  Geologischen  Qeselischaft.  Band  XXXVII,  heft  3.  8^ 

Berlin,  1885.  Thb  Socibtt. 

Bombay. — Jonmal  of  the  Bomhay  Branch  of  the  Boyal  Asiatic  Society.    Vol.  XYI,  No.  43. 

8**  Bombay,  1886.  Thb  Socibtt. 

BoATOB. — ^Memoirs  of  the  Boston  Society  of  Natural  History.  Yol.  III.,  No*  11.  4**  Boston. 

1886.  Thb  Socibtt. 

„  Proceedings  of  the  Boston  Society   of  Natural  History.    Vol.  XKII.,  part  4, 

and  XXIII,  part  1.  8""  Boston,  1884-1886.  Thb  Socibtt. 

Bbussbib. — Bulletin  de  la  Soci^t^  Royale  Beige  de  Geographic.  Ann^e  IX,  Nos.  6—6.  8* 

Bruzelles,  ]  886.  Thb  Socibtt. 

„  Bulletin  du  Mus^e  Boyal  d'  Histoire  Naturelle  de  Belgique.    Tome  IV,  No.  1. 

8°  Brnxelles,  1885.  Thb  Musbum. 

Buchabbst. — Anuarulu  Biuroului  Geologion.  No.  1,  1882-83,  No.  2,  1833-84,  and  No.  1, 

1884.    8**  Bucharest,  1884-85.  Gbolooical  Bubbau,  Buchabbst* 

BuDAPBST. — ^Termeszetrajzi  Fiizetok.    Vol.  IX,  Nos.  3—4.    8°  Budapest,  1885. 

Thb  Hi7N0ABiAN  National  Mctsbfh. 

Bubbos  Aibbs. — Boletin  de  la  Academia  Nacional  de  Ciencias  en  Cordoha.    Tomo  YIII, 

No.  1.    8°  Buenos  Aires,  1885.  Thb  Acadbmt. 

Calcutta.— Calcutta.  University  Calendar,  1886.    8°  Calcutta,  1885. 

H.  B.  Mbdlicott. 

„  Journal  of  the  Asiatic  Society  of  Bengal.    New  series.    Yol.  LIY,  part  I,  Nos. 

3—4.    8°  Calcutta,  1885.  Thb  Socibtt. 

»,  Proceedings  of  the  Asiatic  Society   of  Bengal.    Nos.  IX — X.    8°  Calcutta, 

1885-86.  Thb  Socibtt^ 

„  Records  of  the  Geological  Survey  of  India.    Yol.  XIX,  part  I.    8**  Calcutta, 

1886.  Gbolooical  Subybt  of  India. 

„  Survey  of  India  Department.    Notes  for  November  and  December  1886,   and 

January  1886.    FIsc.,  Calcutta,  1885-1886.  Subvbt  of  India. 

Cakbbidgb,  Mass. — Annual  report  of  the  Curator  of  the  Museum  of  Comparative  Zoology 

for  1884-85.    8**  Cambridge,  Mass.,  1885.  Thb  Musbuk. 

Bulletin  of  the  Museum  of  Comparative  Zo51ogy.    Yol.  XII,  No.  2.    8* 
Cambridge,  Mass.,  1885.  Thb  Musbum. 

Memoirs  of  the  Museum  of  Comparative  Zoology.    Yol.   X,  Nos.  2  and 

4,  and  XIY,  No.  1,  part  1.    4**  Cambridge,  Mass.,  1885. 

Thb  Musbum. 

Copbnhagbn. — M^moires  de  TAcad^mie  Boyale  de  Copenhague.    6"'  s^rie.    Yol.  Ill,  Nos. 

1  and  3.    4**  Copenhague,  1885.  Thb  Acadbmt. 

M  Oversigt  over  det  Kong,  danske  Yidenskabernes  Selskabs.    No.  2.     8^  Co- 

penhagen, 1885.  Thb  Acadbmt. 

Dbbsdbn.— Sitzungsberichte  und  Abhandlungen  der  Naturwissenschaftlichen  Gesellschaft 

Isis  in  Dresden.    Jahrg.  1885.    8**  Dresden,  1886.  Thb  Socibtt. 

Dublin.— 'Journal  of  the  Boyal  Geological  Society  of  Ireknd.    New  series.    Yol.  YI,  part 

3.    8^  Dublin,  1886.  Thb  Socibtt. 
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Titles  of  Books.  Donon. 

Dublin. — Procnedings  of  the  Royal  Irish  Academy.  Series  II,  Vol.  II,  Polite  literature  and 

antiquities,   Nob.    6 — 6.     Series  II,   Vol.   IV,  Science,   Noe.  1 — 1    8* 

Dublin,  1884-86.  The  Acadbmt- 

„  Rojal  Irish  Academy.  Todd  Lecture  Series.   Vol.  II,  part  1.    Irish  Lexioograph j : 

an  introductory  lecture  by  Robert  Atkinson.    8°  Dublin,  1886. 

Thb  Acapeht. 

„  Transactions  of  the  Royal  Iriph  Academy.    Science.    Vol.  XXVIII,  Nos.  I4f— 20. 

4°  Dublin,  1883—1885.  Thu  Acadmt. 

Edinbubgh. — Scottish  Geographical  Magazine.    Vol.  II,  Nos.  1—2.    8^  Edinburgh,  1886. 

Thb  Scottish  Gboosafhical  Socibtt. 

Gekbya* — M^moires  de  la  Soci^t4  de  Physique  et  d'Uistoire  Naturelle.     Tome  XXIX,  p^rt 

1.    4°  Geneve,  1884-86.  Thb  Socibtt- 

Habbisbubg. — Reports  of  progress  of  the  Second  Geological  Survey  of  Pennsylvania.    A  A 

Atlas.  P„  K4,  P.  Vol.  III.  Pj.  R„  Rj,  Atlas.  T^,  X  Atlas,  and  Zu  8* 
Uarrisburg,  1884-1885.  Sbcond  Geological  Subyby  of  Pennstltajtia. 

Lbidb.-^ Annates  de  L*£cole  Polytechuique  de  Delft.    Livr.  3 — 4.    4*^  Leide,  1886. 

£cOLE  POLTTECHNIQUB,  DeLPT. 

London. — Catalogue  of  the  Fossil  Mammalia  in  the  British  Museum,  (Natural  history). 

Part  II.    By  R.  Lydekker.    8^  London,  1885.  The  Musbctx. 

Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland.   ^(A, 
XV,  Nos.  2—3.     8**  London,  1885-1886. 

Journal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland.    New  seriei' 
Vol.  XVIII,  part  1.    8"*  London,  1886.  Thb  Socibtt. 

„  Journal  of  the  Society  of  Arts.    Vol.  XXXIV,  Nos.  1726—1737.    8"  Londoo, 

1885-1886.  The  Socibtt. 

Mineralogioal  Magazine  and  Journal  of  the   Mineralogical  Society.    VoL  YI> 
No.  30.     8**  London,  1885. 

Proceedings  of  the  Royal  Geographical  Society.    New  series.    Vol.  VII,  Noi. 
11—12,  and  VIII,  Nos.  1—2.    8*  London,  1885-1886.         The  Socibtt. 

„  Proceedings  of  the  Royal  Society.     Vol.  XXXIX,  No.  239.    9^  London,  1886. 

The  SociBn. 

„  Proceedings  of  the  Zoological  Society  of  London  for  1885.   Part  III.  8^  Londoo, 

1885.  The  Socibtt. 

„  Quarterly  Journal  of  the  Geological  Society.     Vol.  XLI,  No,  164.    With  list  of 

Members  for  1885.    8°  London,  1885.  The  Socibtt. 

Madrid.— Boletin  de  la  Sociedad  Geografica  de  Madrid.    Tomo  XIX,  Nos.  5—6.    8**  Madrid. 

1886.  The  Socibtt* 

MAECHBSTBB.-^Memoirs  of  the  Mauchester  Literally  and  Philosophical  Society.    3rd  series. 

Vol.  VIII.    8*  Loudon,  1884.  The  Socibtt. 

„  ^  Proceedings  of  the  Manchester  Literary  and  Philosophical  Society.    Toli. 

XXIII  and  XXIV.    %""  Manchester,  1884-1885.  The  Socibtt. 

„  Transactions  of  the  Manchester  Geological  Society.    Vol.  XVIII,  parti 

12—13.    8"*  Manchester,  1885.  The  Socibtt. 

MiLANO.— Atti  della  Societa  Italiana  di  Scienze  Natunli.     Vol.  XXVII,  fasc.  1—3.   S° 

Milano,  1884-1885.  The  Socibtt. 


it 


If 


fi 


ft 


PART  2.]  Additions  to  the  Library.  141 

jTitle*  of  Boohs.  Donors* 

moKTBBAL. — Geological  and  Natural  Hixtory  Sarvey  of  Canada.    Contributions  to  Canadian 

PalsBontologj.    Vol.  I,  part  1.     By  J.  F.  Whiteaves.     8*  Montreal,  1886. 

Thb  Subvbt. 
1Ybwcastlb*on-Ttnb. — Transactions  of  the  North  of  England  Institnte   of  Mining  and 

Mechanical  Engineers.    Vol.  XXXV,  part  1.    8^  Newcastle,  1886. 

Thb  Institutb. 
Fabis.— Balletin  de  la  Soci^t^  de  Geographic.    7"*  s^rie.    Tome  YI,  Nos.  8—4.    8**  Paris. 

1886.  Thb  Socibtt. 

n        Compte  Rendu  des  Stances  de  la  Soci^t^  de  Geographic.     Nos.  19 — 20  (1886),  and 

Nos.  1—6  (1886).    8*  Paris,  1885-1886.  Thb  Socibtt. 

„        Bulletin  de  la  Society  G^ologique   de  France.  3"*  s^rie.    Tome  XIY,  No.  1.     8° 

Paris,  1886.  Thi  Socibtt. 

Fabis. — M^moires  de  la  Society  G^ologique  de  France.    3"*  stfrie.    Tome  IV,  No.  1.    4* 

Paris,  1886.  Thb  Socibtt. 

Fhiladblphia.— Journal  of  the  Franklin  Institnte.    3rd  series.    Vol.  XC,  No.  6,  and 

XCI,  Nos.  1-2.    8*  Philadelphia,  1886—1886.  Thb  Institutb. 

„  Proceedings  of  the  American  Philosophical  Society.    Vol.  XXII,  No.  120. 

8°  Philadelphia,  1886.  Thb  Socibtt. 

FiSA. — Atti  della  Societa  Toscana  di  Scienze  Naturali.    Processi  Verhali.    Vol.  V,  pp.  1—40. 

8^  Pisa.  1886.  Thb  Socibtt. 

Shanghai. — Journal  of  the  China  Branch  of  the  Royal  Asiatic  Society.  New  series.  Vol.  XX, 

No.  4.    8^  Shanghai,  1886.  Thb  Socibtt. 

SiNGAPOBB.— Journal  of  the  Straits  Branch  of  the  Royal  Asiatic  Society.  No.  16.     8**  Singa- 
pore, 1886.  Thb  Socibtt. 

„  Straits  Branch  of  the  Royal  Asiatic  Society.    Notes  and  queries.    No.  2. 

8°  Singapore,  1886.  Thb  Socibtt. 

ToKio. — Memoirs  of  the  Science  Department,  University  of  Tokio.    No.  6.     8°  Tokio,  1881. 

Rbtbnfb  and  Aobicultubal  Dbpabtmbnt. 

„        Transactions  of  the  Seismological  Society  of  Japan.  Vols.  Ill  and  VIII.    8*  Tokio, 

1881  and  1886.  R.  D.  Oldham. 

Vbnicb. — Atti  del  Reale  Istituto  Veneto  di  Scienze.  Lettere  ed  Arti.    Serie  6.    Tomo  VIII, 

No.  7,  and  Serie  6,  Tomo  I,  No.  4.    8**  Venezia,  1881—1883. 

Thb  Institutb. 

n  Memorie  del  Real  Istituto  Veneto  di  Scienze,  Lettere  ed  Arti.    Vol.  XXI,  part.  3. 

4°  Venezia,  1882.  Thb  Institutb. 

ViBNNA.— 'Annalen  des  K.  K.  Naturhistorischen  Hofmuseums.    Band  I,  No.  1.    8°  Wien, 

1886.  Thb  Musbum. 

„  Jahrhuch  der  E.  K.  Geologischen  Reichsanstalt.  Band  XXXV,  heft  4.    8**  Wien, 

1886.  Thb  Institutb. 

,9  Verhandlungen  der  E.  K.  Geologischen  Reichsanstalt.    Nos.  14 — 18  (1886)  and 

No.  1  (1886.)    8^  Wien,  1886—1886.  Thb  Institutb. 

Washington.^ Annual  report  of  the  Board  of  Regents  of  the  Smithsonian  Institution  for 

1883.    8^  Washington,  1886.  Thb  Institution. 

„  Fourth  annual  report  of  the  IT.  S.  Geological  Survey,  1882-83.    8**  Wash- 

ington, 1884.  U.  S.  Gbological  Subybt. 

„  Memoirs  of  the  National  Academy  of  Sciences.    Vol.  Ill,  part.  1.    4**  Wash- 

ington, 1886.  Thb  Acadbmt. 
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Titlei  qf  Books.  Down, 

Washington. — ^Proceedings  of  the  National  Acildeiny  of  Sciences.    Vol.  I,  port.  2.  8* 

Washington,  1884i.  Thb  Acadeht. 

„  Report  of  the  National  Acadamy  of  Sciences  for  1883  and  1884.    8°  Wuh. 

ington,  1884—1885.  Thb  Academy. 

Yokohama. — Transactions  of  the  Asiatic  Society  of  Japan.    Vol.  XIII,  part.  2.    8°  Yoko- 

hamay  1885.  Thb  Socibtt. 
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Oeologtcal  Sketch  of  the  Yizagapatam  District,  Madras;  hy  Willum  King,  B.A., 

D.Sc,  SujperintenderUf  Geological  Survey  of  India. 

Introductory. 

The  regular  operations  of  the  Survey  have  not  yet  been  carried  further  north 
along  the  east  coast  than  the  southern  limits  of  the  Yizagapatam  district ;  but, 
while  on  deputation  last  September  with  a  view  to  ascertaining  the  possibility  of 
artesian  boring  in  Yizianagrum,  I  had  an  opportunity,  through  the  facilities 
so  graciously  afforded  me  by  His  Highness  the  Maharajah  of  Yizianagrum  and  by 
the  Bajah  of  Bobbili,  of  examining  a  good  deal  of  the  central  and  northern  por- 
tions of  the  country,  the  results  of  which  are  now  given  as  a  preliminary  and 
tentative  sketch.^ 

Artesian  exploration. — ^The  endeavour  to  obtain  water  by  an  artesian  well  had 
indeed  been  already  made,  in  1884,  to  the  extent  of  boring  into  the  crystalline  rocks 
to  a  depth  of  350  feet :  the  visible  result  being  a  well  of  exceedingly  small  dia- 
meter (6  inches  at  the  most),  holding  water  at  some  30  feet  below  the  sur- 
face of  the  ground.  The  story  is  simple  and  suggestive.  The  papers  relating  to 
artesian  wells,  already  contributed  to  these  Records  by  the  Director  of  the  Geo- 
logical Survey,  show  the  conditions  under  which  subterranean  waters  having  a 
tendency  to  rise  over  the  ground  surface  may  be  expected  to  exist ;  the  most  pro- 
mising in  India  being  those  of  porous  strata  occurring  in  extensive  alluvial  tracts 
having  an  increasing  landward  rise  and  supposable  reception  of  water  at  the 
higher  level.  A  notable  exemplification  is  that  of  the  alluvial  deposits  of  Pondi- 
cherry  which  were  tapped  successfully  some  seven  years  ago :  and  as  a  conse- 
quence, ever  since  that  time,  hopeful  looks  have  been  cast  at  coastal  and  even 
inland  alluvial  plains.  There  is,  however,  no  alluvial  tract  worthy  of  the 
name  at  Yizianagrum.     Hard  gneiss  occurs  in  the  immediate  neighbourhood 

^  My  examination  of  Vtsagapatain  itself  waa  also  most  obligingly  facilitated  by  Rajnh  0.  N.] 
Osjapati  Row,  wbose  kiodnewei  I  bad  already  experienced  many  years  before  in  Madras. 
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of  the  town  which  is  also  environed  by  stretches  of  rising  rocky  ground  or  bj 
hillocks  and  even  hOls  of  considerable  height  of  the  same  class  of  rock ;  so  that^ 
on  the  face  of  it,  no  rising  water  conid  be  expected.  A  mistaken  idea  has 
also  arisen  that  the  mere  presence  of  hilly  ground  near  or  at  a  distance  holds  oat 
a  prospect  of  subterranean  waters  having  a  head,  on  which  account  the  Elephant 
Hill  or  Chota  Himalaya  close  at  hand,  or  the  lofty  Oalikonda  range  30  miles  to 
the  west,  used  to  be  brought  into  the  argument  without  any  consideration  of  the 
fissured  or  jointed  condition,  or  di8OOi)tint(QU0  stratification  of  the  crystalline 
rocks  forming  them.  However,  the  exigencies  of  the  town  as  regards  water-supply 
are  such,  that  an  artesian  well  was  thought  of  as  the  possibly  most  convenient  and 
even  economical  way  of  meeting  them.  In  due  time,  two  Canadian  oil* well  pros* 
pectors  turned  up,  who,  aftev  a  little  cpncessjon  tQ  th^  3rahmin  angim,  fixed 
upon  a  siia  on  the  fort  glacis,  and  in  time  pieroed  several  kinds  of  highly  quarUoee 
gneiss  with  the  result  mentioned  above.  A  convenient  force  pump,  called  an 
American  Artesian  Pump,  for  raising  water  fit  any  rate,  was  also  judicious^  pro- 
vided ;  and  as  water  did  not  rise,  this  was  brought  into  play.  Concerning  its 
action  the  following  extract  from  the  Canadian  Engineer's  report  is  significant :— 
"  Baaed  on  a  long  experienfse  of  these  pumps,  I  §boul4  b$>j  tljiat  jkhe  .streani 
pumped  would  yieI4  about  ^000  to  5,000  gaUons  per  diem.  The  yield  wonid 
have  been  increased  by  running  the  pumps  faster/'  Mr.  T.  D.  Hairis,  the 
Executive  Engineer  of  Vizagapatam,  was  subsequently  deputed  to  examine  the 
works  apd  from  his  report  it  is  only  necessi^ry  here  to  qi;ote  as  f oUow^ : — **  AU  then 
being  in  order,  the  pump  yaa  started  at  i  past  4  o^lop^  ^^  worked  tq  a  i 
past  5  o'clock,  exactly  an  hour ;  Airing  this  period  there  was  no  hitch  or  stoppage 
whatever,  but  the  qjiantitv  of  fixator  pumped  yrai^  at  the  rate  of  only  ^  a  cubic  fool 
per  minute,  or  30  cubic  feet  per  hour,  when  the  well  waa  pumped  perfectly  diy» 
The  water  wa£^  swee^  «^nd  wondeff^Ilj  discoloured,  ax^d  particularly  the  last  atnff 
brought  up  being  a  dark  bluish  mud.  The  p^mp  I  ii^ay  state  was  p^t  down  to  a 
depth  of  344  feet  or  nearly  the  bottom  of  the  boring ;  thus  it  will  be  seen  that 
pumping  by  steam  Qxen  or  poc^io  lalyxur  is  abscdute^  out  of  the  queatioii,  tboie 
being  no  water  to  pump." 

At  first  si^ht,  the  general  question  of  the  artesian  ci^pabilities  of  tl^  district 
does  not  appear  po  absolutely  hopeless  as  this  particTfliur  one  of  Viziapagrum ;  for 
an  examination  of  the  4-tIaa  Sheet  No.  108,  which  displajrs  most  of  the  coontiyi 
gives  the  impression  -^hat  the  extensive  tri^t  to  the  north  of  the  Yiaii^nagrum 
hills  is  more  pr  le^  of  a  great  ph^in  largely  made  up  of  alluvic^  tracts  bolqi^ging 
to  the  Oliicaeole  river  system,  and  to  a  smaller  extent  of  the  Konadah  river 
drainage.  Even  on  the  ground  itself,  and.  to  an  experienced  man  well  acquainted 
with  the  district,  the  appearance  ia  as  of  a  ^de  sea  of  alluvium,  out  of  which  the 
ridges  and  hill  masse?  rise  like  ^  nfutpy  islands.  ](n  reality,  however,  the  low 
country  is  rather  rugged  and  rpcl^y,  somewl^t  amootl^ed  down  by  a  thin  coveriiig 
of  debris;  while  there  are  on^  very  narrow  belts  oi  alluvium  borderipg  the 
rivers.  These  flatter  tracts  too  are  not  pnly  very  narrow  ;  they  are  also  shallow 
and  crossed  at  intervals  in  the  bends  of  the  rivers  by  barriers  of  rock  ;  ^d  thus, 
although  they  have  considerable  inland  length  and  rise,  any  porous  and  water- 
holding  strata  occurring  in  them  must  frequently  be  broken  in  continuity.     It  is 
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indeed  a  pBCtrliaHtjr  of  the  Vizagapatam  low  cbiititry,  as  compared  with  the 
east  coast  plalihs  of  the  Madras  Presidency  io  the  sdiithward,  that  It  shoald  be 
so  singtuarly  devoid  of  wide  and  extensive  landward-tailing  aUavial  stretches. 

OBOLOQIOAIi. 

Physical  feaiitrei.'-^^The  district  is  an  essenfiall;^  pSctniiesqne  oxte,  aid  in  phy. 
sicai  asp^t  it  d^ers  a  good  deal  frbtxi  Nearly  all  th'6  southern  portion  of  the  east 
coast.  Up  ta  this  parallel,  the  Goromandel  is  d&tingnishable  as  a  broad  belt  of 
low  land  or  plain  edging  the  sea,  having  distant  hills  and,  in  the  more  northern 
portn^n,  a  decided  inonntain  barrier  broken  only  once  by  the  broad  valley  of  the 
Kffltna,  as  thd  western  back-gronnd.  Th6  hilly  barrier  bearing  the  general  name 
of  the  Easlierh  G^hits-is,  towards  Vizagapatam,  siKppIemented  by  a  series  of  paral- 
lel N.B.-S.W.  ridges  which  approach  liear^r  and  neai^r  to  the  coast ;  or  by  outly- 
ing ridged  ttnd  hill  groups  which  at  last  in  the  neighbourhood  of  the  town  itself 
assume  a  more  eastwaird  trend  running  straight  at  the  sea  by  the  group  ending 
in  the  Dolphin's  Nose  on  the  south  side,  or  hj  the  much  larger  whiJe-back  mass 
of  Kailassa  to  t&e  nortH.^  The  latter  range  h  continued  by  its  strata  in  yet  more 
northerly  Hnes  along  the  coast  by  Bimlipatam,  and  finally,  about  the  parallel  of 
Konadah,  turns  inl'and  again  into  connection  with  the  Elephant  Hill  or  Chota 
Himktaya  group  between  which  and  the  Vizagapbtam  hills'  lies  the  proper  plain 
of  7izianagrum  Urgely  broken  up  by  further  systems  of  ridges,  isolated  hills,  or 
low  reefy'  hillocks,  dll  running  or  lying  in  straight  or  curved  lines  having  a  more 
oi^  less  N.E.-S.W.  direction.  Northward  of  the  Vizianagrum  hillB  again  lies  the 
much  more  6xtetisive  and  open  country  ^Erained  by  the  Chicacole  river,  still 
streaked  however  by  Scattered  hills.  At  tfi^  same  time,  the  distinctive  feature 
of  the  west^rtf  main  l)arriei'  still  remains',  some  40  miles  inland,  speciallized  by 
the  Ghilikonda  ninge  with  its  blunt  cusps^  r&ing  up  to  heights  of  hvm  4,000  to 
over  5,000  feet';  the  whole  forming  the  highest  portion  of  the  step  or  ghat 
leading^  t6  the  wid^  uplands  of  the'  Jeiypore  and  BasteEr  territories. 

The  western  hiU  ti^t  is  however  as  yet  fittle  knoWn  or  appreciated  either  for 
ifd  scenery  or  its  cliniate.  The  structure  and  beauty  of  the  district  are,  in  fact, 
best  kndWn  in  the  neighboiirhood  of  the  three  principal  towns,  or  more  specially 
on  the  coast  wh^r6  indeed  it  is  not  to  be  wondered  at  that  admiration  has  always 
been  excited.  I  su)ppose  no  more  ch^Hng'and,  to  a  certain  extent,  somewhat  Euro- 
pean j^rospect  could'  bless  the  eyes  of  men  wearied  with  the  monotonous  and  ap« 
pafently  endless  cKo^k  of  l6w  sandy  tract  with  fringing  palmyra  palms,  or  pan- 
danns  clumps,  or'tHe  later  introduced  casuariniftplaniations,  o^all  the  eastern  shore 
fi^ln  Point  Calamerd  to  the  Northern  Circars,  than' that  of  Vizac^apatam  with  its 
headland  and  the  o3fbr  hilly  surroundings.  It  is  here  too  that,  for  the  first  time, 
European  residents  cah  have  their  bungalows  planted,  as  at  Waltair  (TJlteru),  on 
a  partially  tree-grown  rocky  ridge  whence  they  can  look  out  over  the  sea,  or  watch 
it  tumbling  in  at  the  fbot  of  the  great  headland,  ^m  a  vantage  ground  run- 
ning up  to  239  feet  over  sea-level ;  or  can  point  to  such  a  pretty  indentation  as 
Lawson's  Bay  and  its  picturesque  environment  of  hills.     In  dull  and  stormy 

1  The  name  KaiUusa  was  I  believe  given  to  this  hill  by  Mr.  E.  C.  Q.  Thomas,  late  M.  C.  S.; 
it  is  a  part  of  the  Sri  Simbaehalam  temple  range.  , 
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weather  the  Vizagapatam  coast  might  be  a  bit  of  English  sea-bord:  at  other  times 
with  all  the  gloriotls  colouring  of  the  evening  or  the  morning  it  might  vie  with  put 
of  the  Riyiera  \  the  once  Dutch  town  of  Bimlipatam  with  its  bright  and  vari-coloured 
fort  and  houses  nestling  among  garden  trees  at  the  foot  and  up  the  lower  slopes 
of  a  big  fiat-topped  hill  whose  deep-red  face  is  scored  with  brown  pxu^le  streaks 
of  rocky  outcrop,  even  lending  colour  to  such  a  passing  dream  of  the  Italian  coast. 
Formations. — When  the  rocks  of  a  district  are  so  agreeably  brought  before  the 
eye  as  is  the  case  here,  it  is  only  natural  that  interest  in  and  some  knowledge  of 
them  should  have  been  aroused  and  attained  long  ago ;  and  as  it  happens  more 
easily  so  from  the  fact  that  the  formations  are  few  and  well-marked.  The  only 
original  work  however  referring  to  the  geology  of  the  district  is  that  of  Dr.  Benza, 
who  in  1835  accompanied  the  then  Governor  of  Madras  on  a  tour  through  the 
Northern  Circars,  and  whose  diary  was  subsequently  published  in  the  Madras 
Journal  of  Literature  and  Science.^  Extracts  from  this  diary,  and  some  later 
information,  are  also  to  be  found  in  Mr.  Carmichaers  admirable  Manual  of 
the  Vizagapatam  district. 

The  almost  universal  prevalence  of  crystalline  rocks  was  indeed  to  be  inferred 
from  Dr.  Benza's  interesting  notes  and  from  what  had  been  learned  afterwards  in 
the  survey  of  the  Godavery  district^  where  the  gametiferous  gneisses  of  Bezvada 
constitute  nearly  the  whole  of  the  hill  ranges   there  as  they  are  striking  due 
north-eastward  into  the  Northern  Circars.       It  was  hardly  to  be  expected  on 
the  other  hand  that  the  Gondwana  rocks  of  Ellore,  &c.,  or  the  overlying  cretaoeo- 
eocene  traps  and  associated  fossiliferous  beds,  with  the  succeeding  sandstone  and 
laterite  of  the  Rajahmundiy  neighbourhood,  trending  as  they  do  g^radually  to- 
wards the  sea-coast,  where  one  at  least  of  them  ends  in  the  low  ridge  of  Inna- 
parazpoUiam,  could  occur  again  to  the  northward  beyond  the  seaward  headlands 
of  gneiss  in  Vizagapatam.  .  Such  in  fact  is  the  case,  and,  save  these  crystalline 
rocks,  there  are  only  such  other  deposits  as  are  of  recent  or  post-pliocene  age, 
and  even  of  these  only  very  few.     Dr.  Benza  considered  indeed  that  the  coastal 
laterite  occurs  as  a  capping  to  the  Bimlipatam  hill ;   but  such  a  particular 
development  is  not  borne  out  by  the  facts  of  the  case,  the  lateritoid  character 
of  portions  of  the  summits  of  that  hill  being  in  reality  a  result  of  change  or  altera- 
tion of  the  weathered  or  decomposed  parts  of  the  gametiferous  gneiss  followed 
by  ferruginous  infiltration,  or,  what  may  be  called  for  want  of  a  better  term, 
lateritization.     Dr.   Benza  was  no  doubt  misled  by  appearances;  for  the  hill 
is  on  certain  views  flat- topped,  as  by  a  capping  of  some  other  rock  than  that  of 
the  body  of  the  hill,  though  not  with  the  scarped  edges  implied  in  his  descriptions ; 
and  then  there  was  all  the  tendency  to  seize  on  such  an  exposure  of  lateritoid  rock  as 
being  only  a  further  occurrence  of  a  formation  which  is  so  strongly  developed  alonfif 
the  greater  part  of  the  eastern  coast.  .  The  facts  of  the  case  are  that  there  is  no 
capping  on  the  hill,  neither  is  it  flat-topped  for  any  breadth  or  length ;  on  the 
contrary,  it  is  rather  rugged  with  the  outcropping  edges  of  nearly  vertical  strata  of 
quartzoee  and  garnetifei-ous  gneiss  striking  nearly  east  and  west;  while  certain  more 
easily  weathered  beds  have  on  their  exposed  faces  put  on  the  semblance  of  laterite. 
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It  may  be  that  isolated  occurrcDcea  of  tlie  Madras  coastal  laterite  exist,  or  tBat 
even  a  very  different  form  of  deposit,  shortly  to  be  described,  may  be  representative 
of  it ;  but  snch  other  lateritoid  rock  as  I  did  see  is  similar  to  what  has  been 
described,  or  is  the  resnlt  of  another  very  common  agent,  namely,  ferruginous 
wash  by  which  all  sorts  of  debris  may  be  cemented  into  a  more  or  less  hard  con- 
glomerate or  breccia. 

Becent  and  PosUPliocene  Deposits,  — Under  this  head  come  blown  sands,  newer 
alluvium,  lateritic  wash,  surface  soils  or  other  surface  accumulations  of  rock 
debris,  and  some  peculiar  red  sands,  most  of  which,  with  the  exception  of  the 
alluvium,  in  so  far  as  it  bore  on  the  particular  object  of  my  visit,  came  but 
slightly  under  my  notice.  The  blown  sands  are  only  very  local  in  their  accu- 
mulation occurring  for  the  most  part  as  a  very  narrow  thin  belt,  or  as  occasional 
strong  drifts  blown  inland  for  some  distance  up  the  valleys  between  the  coastal 
ranges  of  hills,  or  even  up  the  slopes  of  some  of  these  ranges  themselves.  A 
very  noticeable  and  big  drift  occurs  between  Vizagapatam  and  Waltaip,  which 
commencing  as  a  slight  shore  edging  of  dunes  at  the  outflow  of  the  Hanavan- 
tumaka  stream  at  the  northern  end  of  the  Waltair  ridge,  keeps  gradually  but 
slowly  increasing  in  width  down  to  Scandal  Point  when  it  suddenly  spreads 
westward  up  the  little  ravine  of  the  Club-house  nala  and  so  well  up  along 
the  southern  flank  of  Rock  Hill,  completely  filling  up  the  wide  hollow  between 
this  and  the  next  hill  to  the  south  at  Vizagapatam  and  ultimately  plunging 
down  the  western  slopes  to  the  edge  of  the  back-water.  At  the  same  time, 
the  shore  line  of  sand  heaps  is  continued  on  to  the  end  of  the  rocky  spit  on 
which  bhe  native  town  and  fort  are  built.  Local  opinion  is  divided  as  to  where 
this  great  drift  came  from,  a  strong  idea  holding  ground  that  it  must  in  some 
inconceivable  way  have  drifted  from  the  lagoon  side;  there  can  be  no  doubt 
however  of  its  having  been  blown  inland  from  the  sea-shore  by  the  strong  north- 
east winds,  the  effect  of  which  was  deadened  by  the  heavier  rains,  while  a  good 
deal  of  the  sand  is  drifted  back  by  the  drier  winds  from  the  west  and  south-west. 
The  seemingly  overwhelming  aspect  of  this  great  tumbling  sheet  coming  in  over 
the  saddle  between  the  two  hills,  is  very  striking  from  the  low  lagoon  level.  It 
is  curious  too  to  reflect  how  this  apparently  fortuitously  stayed  sand  drift  is 
after  all  perhaps  the  very  saving  of  the  town  in  one  respect,  namely,  as  regards 
much  of  its  supply  of  fresh- water ;  for  all  the  shore  wells,  of  which  there  are 
many,  and  some  of  those  on  the  back-water  side,  are  dependant  on  the  moisture 
absorbed  by  it.  ^ 

Waltair  Bed  Sands, — Considerable  local  interest  has  been  long  centered  in 
a  remarkable  and  puzzling  bright-red  sandy  deposit  occurring  over  most  of  the 
northern  half  of  the  Waltair  rocky  ridge.  The  deposit  itself  is  an  even-textured, 
rather  fine-grained,  tolerably  well  compacted  or  coherent  but  still  soft,  slightly 
clayey  sand ;  or  rather  a  thick  accumulation  of  fine  white  quartz  sand,  having 
a  very  slight  admixture  of  black  iron  grains,  held  together  by  a  thin  matrix  or 
medium  of  dark-red  ferruginous  clay.  It  shows  no  lamination  ;  so  that  at  first 
sight  it  struck  me  as  possibly  an  old  blown-sand  compacted  by  ferruginous  infil- 
tration, a  view  which  was  however  effectually  dispelled  by  my  finding  a  thin  skin 
of  pebbly  debris  forming  its  base  in  the  few  places  where  its  junction  with  the 
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rocky  floor  is  seen.  Ji  has  l)een  likened,  and  not  without  reason,  to  the  material 
of  the  ant-hills  so  common  over  all  red  sand  tracts.  The  physical  aspect  of  the 
deposit  is  also  noticeable ;  for  it  spreads  out  from  the  northern  flanks  of  the 
i^gg^d  Rock  Hill  as  a|  broad  high  down  the  seaward  slope  of  which  is  ahraptly 
denuded  and  deeply  scored  by  a  set  of  short  and  steep-sided  gullies  giving  passage 
to  the  many  strong  water-oonrses  of  the  upland  prior  to  their  short  ran  across, 
or  absorption  by,  the  shore  belt  of  blown-sand.  This  high-lying  red-sand  tract 
is  also  separated  entirely  from  the  Kailassa  hills  to  the  north  bj  the  Talleya  of 
t^e  Hanayantnmaka  streani^  and  the  backwater  drsanage.  on  the  western  side. 

The  base  and  slopes  for  a  considerable  height,  100  feet  or  so,  of  the  Bimlipa- 
tam  hill  are  also  plastered  ov^r  as  it  were  by  a  similar  deposit,  the  inner  shore  for 
some  distance  to  the  sonth  of  the  hill  being  strongly  covered  and  marked  by  it. 
Other  patches  shew  at  interyals,  but  not  so  prominently,  further  nqrthivaid 
towards  the  Chicacole  riyer« 

I  suppose  the  features  which  strike  most  people  are  the  brilliant  red  colour  as 
contrasted  with  the  dark  rocl^  forming  the  core  of  the  ridge  and  the  great  palie 
coloured  sheet  of  blown-sa^id ;  the  suddenly  developed  and  deeply  cut  little  gnUies; 
and  aboye  all  the  isolation  from  any  apparent  source  for  the  deposit  by  denuda- 
tion of  loftier  ground,  for  by  no  conception  cpuld  the  material  haye  been  deriTed 
from  the  wearing  down  of  Rock  Hill  for  instance. 

It  is  just  this  isolation  and  prominence  of  display  which  have,  I  think,  had 
considerable  influence  in  distracting  attention  from  t^e  yery  conimon  and  prevalent 
occurrence  of  a  similar  deposit  not  only  elsewhere  in  the  district,  but  Qver  the 
greater  part  pf  the  eastern  low-countiy  of  South  India :  it  is  only  necessaiy  to  go 
some  4  miles  along  the  road  to  Yizdanagrum  to  find  red  sands  with  similar  features 
of  denudation  yery  well  displayed  beyond  the  yillage  of  Nellur,  a  short  distance  off 
the  road  on  the  left-hand  side ;  and  many  other  tracts  of  a  like  kind  niay  be  met 
with  further  inland,  eyen  right  up  to  the  base  o|  the  Galikonda  range  30 
miles  west  of  Vizianaj|rrum.  Indeed,  were  the  Yizagapatam  district  lowered  a 
hundred  feet  or  so,  one  might  picture  the  sea  baying  in  among  all  tlie  beauty 
ful  hills  and  ridges  and^  lappiug  alongside  of  niany  a  red-sand  tract  at  their 
feet  similar  nearly  in  every  way  to  that  of  Waltaii;.  Only,  the  proviso  must 
be  here  made,  that  it  was  not  necessarily  lowering  of  the  lanc^  but  rather  eleya- 
tion  which  helped  to  give  its  isolated  character  tp  the  Waltair  tract. 

In  other  words,  I  would  say  that  this  tract  and  the  others  on  the  same  coast 
are  but  remnarts  of  the  red-sand  and  gravelly  deposits  formation  so  prevakst  all 
over  the  coastal  plains  of  Southern  India,  particularly  round  the  hilly  re^ons 
in  the  Trichinopoly,  Salem,  and  South  Arcot  Districts ;  or  in  the  neighbourhood 
of  the  quartzite  hills  to  the  north-west  of  Madras  itself;  or  in  the  Guddapah  and 
Kumool  districts ;  or,  again,  over  much  of  the  Godavari  district  and  up  the  Goda- 
vari  river  valley,  and  which,  in  so  far  as  they  have  yielded  numerous  palcDolithic 
stone  implements,  belong  presumably  to  the  older  or  post-pliocene  alluvinms. 

Here,  in  Waltair,  it  is  merely  a  sandy  deposit,  at  least  none  of  the  underly- 
ing or  associated  gravels,  so  common  in  other  tracts,  are  visible; ;  but  there  can  be 
little  doubt  that  it  is  of  the  same  kind  and  age  as  the  deposits  indicated  whether 
it  was  laid  down  as  a  great  sand  bank  partly  in  fresh  water,  or  in  the  sea 
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\ihidh  6nfXi  sMtdBdd  dsrtit  a  ckyi^BicTer&Ble  portion  of  what  &  noW  the  Vizagapa- 
taxri  krfrwxytmtty.  Th^  oblbiif  is  more  intense  certainly  thail  I  have  e^er  6een 
ttXdoHf;  tBe  inlflAd  trtots,  but  that  may  be  dne  in  part  to  contrast  tHtb  the  asso- 
eiaied^olodraof  sea,  sky,  rock,  sahd^  and  vegetation  wbicli  themsel'^  are  nsnally 
intense.  Prbltiniity  to  marine  atmospheric  influences  may  also  have  had  some 
iftffeet.  The  cnridnii  dennd^lon  is  on  the  othel*  hand  qnite  a  common  feature  in 
the)  inkttd'  tHEkois  Whetie  there  is  nearly  always  a  broad  plain,  or  gently  sloping  and 
ht6^  tefM66  aerod^  Which  shallbw  nalA,s  pursue  a  devious  course  mtLcIi  like  those 
fM  fife  sttMlkir  Mil^  at  YfMeAf  \  the  outer  edg6  being  nearly  a^ys  abruptly 
dcmnded  iftt^  shsetp  ^te^  Md  littlef  cfifffif  brbken  by  th6  numeriyiiis  gnUies  and 
rifts  lei&d^g  off  the  gathered  dti^^iBind  of  thef  upper  levels. 

Tim  WiUtfldf  traet  is  howiivet  tinique  in  its  isoktion,  and  in'  th^  &ot  of  the 
fiiandcf  being  piled  up  or  spread  otit  over  §o  high  ^  part  of  the  ridge ;  the  two  rocky 
Mlb  already  described  having  no  very  decided  elevation  over  it,  I  can  only  ven- 
ture to  suggest  that  this  isolatit^n  is  either  thp  result  of  €k>nsiderable  denudation 
of  a  great  bank  which  formerly  extended  northwards  across  the  Hs^avantumakci 
Btteam  anc(  on*  to  the  Bimlipatam  hill;  6r  preferably  that  localized  sand  banks 
were  piled  dr'  colTeeted  atoutid  i^e  then  sujiken  hills,  in  ^ostpliocene  times. 
The  subsequent  eleviition  of  land  involved  in  this  view  is  considerable,  at  least  200 
feetY  hut  that  is  only  in  aecordance  with  f3ie  evidence  afforded  at  many  other 
pbcee  in  the  Madras  low  conntry :  notably  by  the  great  sBingle  banks  far  &Iand 
on  the  i4ght  bank  of  the  Penner  rivei*  in  the  Nellore  district,  or  the  much 
hugef  and  thicker  ones  gathered  i^Uud  the  foot  of  the  Sagalopariim  hills  north- 
west of  Madras.^ 

Oty$talUne(yfAfc%(ffi[iii'Uochs.^'Tiur{u^  AnJ  dodavarl 

d^n^tricts  in  fowner  yeahc,  I  had  found  that  a'  presumably  newet  and  more 
dfecidedly  bedded  form  of  gneiss  to  that  usually  met  with  in  the  Madras  Presi- 
dbnlsy  begto  to  stow  in  the  neighbourhood  of  Bezvada,  forming  the  group  of 
Mlfe  there  narrowing  the  passage  of  the  KSstna  to  its  proper  delta.  These 
Sesfvadk  gndisses,''ab8  I  then  called  the  subdivision  embracing  the  many  varieties 
of  essentially  gametiferous  and  schistose  rocks,  are  continued  all  along  the 
€<A6tefn  faces  of  the  hilly  portions  of  the  G^odavari  district  into  that  of 
VissAgfipatam  in  a  generally  north-eastward  direction;   gradually  widening  out 

'  While  on  tke  tobjeet  d  ditege  of  laAd  Weli  it  may  be  as  w6ll  to  iiotioe  a  prevnlent  idea 
tliat  depKMsioDr  is^  now  going  on^  or  afc  least  has  Uken^  place  within  the  memory  of  man.  It  is 
genenlly  believed,  for  instance,  that  a  cave  at  the  base  of  the  Dolphin's  Nose  beaaiand  was 
once  approachable  by  a  path  now  covered  at  all  tides  by  the  sea ;  and  the  Revd.  Dr.  Hay  of  the 
liondon  Mission  was  siiid  to  have  actually  made  the  jonmey  to  the  cave  in  his  yonnger  days. 
Oh  writing  to  my  tery  esteemed  friend,  he  replied :  "  When  I  came  here  45  years  ago,  old 
men  f6M  me'  th4t  when  they  wet*  boys  they  could  wnlk  round  the  Dolphin's  Nose.  I  hnve  no 
other  evidenee  of  the  faot;  but  at  the  time  I  refer  to,  the  sea  was  rapidly  encroaching  on 
the  land  and  bad  reached  the  European  lines  on  the  south  side  of  the  battery.  It  was  then  that 
Captain,  now  Sir,  Arthur  Cotton  threv  down  those  groynes,  some  six  or  eight  of  them.  Between  them 
the  sand  was  raised  again  in  a  very  short  time  and  now  there  is  a  good  gravelled  road  all  nlong 
the  beach  which  the  tide  never  touches.  An  immense  accnmalntton  of  sand  was  also  floated  sea- 
ward'froM  the  entriMiee  towards  the  Custom  House,  exposing  old  wells,  Ac." 

>  Memoirs  GeoL  Sor.  of  tndia.  Vol.  XVT,  Part  8,  p.  12. 
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on  either  side,  but  always  nearing  the  coast,  until  not  lap  beyond  the  nozthem 
limit  of ^the  former  district  they  form  some  pictoresqne  hills  on  the  sea-shoie  and 
henceforward  become  the  prevalent  rock  of  the  oonntry  from  the  coast  to  well 
beyond  the  edge  of  the  western  hills  or  monntains  of  the  Golnconda  (or  Golkonda), 
and  Galikonda  ranges  bordering  on  the  State  of  Jeypore.  Perhaps,  nnder  this 
greater,  or  rather  universal  predominance  of  such  rocks  in  this  district,  the  tenn 
Yizagapatam  gneisses  might  be  more  appropriate  thsn  the  one  I  had  originallj 
adopted ;  but,  at  best,  the  selection  of  terms  as  yet  is  a  mere  matter  of  con- 
venience, while  garnetiferoua  gneiss  is  about  as  descriptive  a  designation  as  cbd 
be  applied.  At  the  same  time,  the  occasion  has  not  yet  arrived,  nor  indeed 
have  the  rocks  been  closely  enough  examined  or  studied,  for  the  placing  them 
with  any  definiteness  as  a  group  or  subdivision  in  the  crystalline  series ;  thongk 
it  may  be  said  that  they  lie  in  such  a  manner  with  regard  to  the  other  gneiBses 
to  the  north  and  westward,  and  present  such  features  of  constitution  and  lesser 
amount  of  alteration  or  metamorphism  that  they  may  well  be  considered  as 
one  of  its  newer  subdivisions. 

The  presence  of  common  brown  or  purple-brown  iron  garnets  (mostly  weather- 
ed or  more  or  less  decomposed  into  rusty  brown  masses)  in  greater  or  less  abun- 
dance— rardly  absent  altogether — is  the  striking  accidental  characteristic  of  the 
many  varieties  of  gneiss.  A  further  characteristic  is  that  the  felspar  is  very  often 
that  variety  or  species  called  Murchisonite^  a  peculiar  brilliantly  glistening  (when 
in  good  sized-masses)  bronze  red,  flesh-coloured,  or  even  white  mineral  most  easily 
cleaved  in  two  directions  sometimes  with  curved  faces ;  but  whether  in  large  masses 
or  distributed  in  a  coarsely  crystalline  granular  way  through  the  rock,  helping 
greatly  towards  its  reddish  or  purple  brown  colour.  The  different  kinds  of  gneiss 
which  may  be  picked  up  sometimes  within  a  small  area  are  numerous,  but  the 
more  prominent  of  these  may  be  reduced  to  some  three  or  four  which  it  will  he 
convenient  to  designate  temporarily;  while  any  attempt  which  is  here  made 
regarding  their  relation  to  one  another  must  be  considered  as  very  tentative 
indeed  and  liable  to  re-adjustment  or  even  entire  reversal  in  the  detailed  sur- 
veys to  be  made  hereafter. 

Kailassa  gneiss. — The  commonest  and  most  prominently  exposed  form  is  a 
generally  dark  purple-coloured  (weathering  brown  or  red)  massive  but  strongly 
foliated  or  rather  laminated  rock  of  white  or  grey  quartz  and  reddish  or  pale 
coloured  felspar  with  some  mica,  largely  charged  or  scattered  through  with  iron 
garnets  of  all  sizes,  either  singly  or  in  masses  or  in  amorphous  laminse  which  are 
often  well  sustained.  The  garnets  are  sometimes  fairly  crystalline  in  fonn. 
The  more  quartzose  varieties  often  weather  into .  what  looks  like  a  coarsely 
laminated  ferruginous  sandstone  spotted  and  blotched  with  rusted  garnets,  or 
with  strong  laminee  of  these  decomposed  stones.  Such  gneisses  mainly  consti- 
tute all  the  larger  ridges  and  gproups  of  hills ;  such  as  the  great  Kailassa  mas- 
sif north  of  Yizagapatam,  or  the  Dolphin's  Nose  range  to  the  south,  or  the 
huge  and  lofty  (nearly  2,000  feet)  range  of  the  Chota  Himalaya  or  Elephant  Hill 
to  the  north  of  Yizianagrum. 

Vizianagrum  gneiss, — A  second  well-marked  but  not  nearly  so  common  or 
well-exposed  form  is  that  on  which  the  town   and  cantonment  of  Yizianagnun 
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are  bnilt.  It  ooonrs  as  a  broad  east  and  west  band  coming  in  from  the  westward 
plains,  and  immediately  east  of  tbe  town  curves  round  northwards  past  the  Phul- 
bagh  reassuming  a  western  course  under  the  southern  flanks  of  the  Elephant  hill. 
It  thns  underlies  the  Kailassa  gneiss  of  the  upper  part  of  that  hill  the  beds  of 
which  are  dipping  to  the  northward  at  30"  to  50*';  though  a  narrow  band  of 
the  next  variety  to  be  described  comes  in  between  the  two.  It  is  a  generally  very 
massive  grey  or  buff -grey  (weathering  nearly  black  or  dark«brown)  quartzo- 
felspathic  gneiss,  only  very  slightly  ^  foliated ;  not  at  all  unlike  some  of  the  hard 
massive  gneisses  of  Southern  India,  and  presenting  much  the  same  smooth* 
haunched  hills  the  rounded  contours  of  which  are  occasionally  broken  by  groups 
of  loose  disjointed  subcuboidal  and  tabular  blocks,  or  by  occasional  tor-like  masses. 
Several  small  but  conspicuous  hills  of  this  kind  lie  to  the  westward  and  north- 
westward of  the  cantonment.  A  tract  of  lower  and  more  rugged  knoUed  out- 
crops of  a  coarser  and  rather  granitoid  variety  of  the  same  rock  lies  to  the  east 
and  north  of  Yisianagrum  itself.  The  strike  is,  as  already  stated,  about  E.— - 
,W.  for  the  cantonment  and  town  rang^,  the  dip  being  high  to  southward  or  even 
vertical :  and  it  was  in  such  high  dipping  and  hard  rocks  that  the  attempt  at  an 
artesian  well  was  made.  Occasional  bands  of  more  felspathic  constitution  or  even 
seams  of  almost  pure  white  muTehiaonite  are  associated  with  this  variety  of  gneiss. 

Quartzose  Qneiss. — It  is  unfortunate,  as  far  as  uniformity  of  nomenclature  iBf 
concerned,  that  I  cannot  give  a  local  name  to  this  variety ;  but  this  is  hardly 
worth  consideration  where  the  rock  is  so  easily  recognizable  by  its  constitution  and 
by  the  manner  in  which  it  streaks  the  surface  of  the  countiy  with  its  conspicuous 
white  reeh  and  ridges,  particularly  in  the  ppen  country  between  the  Kailassa  and 
Elephant  ranges,  or  again  in  the  wide  tracts  to  the  north.west  in  the  direction 
of  the  Bobbili  territory.  The  most  conspicuous  outcrop  is  a  long  low  mound- 
like hill  a  couple  of  miles  to  the  north-west  of  Vizianagrum.  The  white  colour  of 
this  variety  is  remarkable,  and  this  with  the  manifest  ridgy  outcrops  has  of 
course  lent  considerable  weight  to  •  the  idea  that  the  rock  is  really  a  vein 
rocky  and  that  the  presumed  quartz-reefs  of  Vizianagrum  must  of  necessity 
be  auriferous.  That  the  development  is  not  one  of  quartz- veins,  though  there 
has  no  doubt  been  considerable  local  infiltration  of  silica  at  certain  points  along- 
side and  through  the  beds  of  quartz-rock  themselves,  is  a  fact  beyond  all 
question.  The  rock,  however  white  coloured  and  amorphous  it  may  be  at  places, 
is  when  followed  for  any  distance  soon  found  to  be  distinctly  bedded,  laminated, 
and  sometimes  granular  even  to  the  extent  of  being  manifestly  a  highly 
altered  sandstone.  One  only  has  to  examine  the  outcrop  of  the  upper  band 
along  the  southern  base  of  the  Ghota  Himalaya,  eastwards  from  the  point  where 
the  ghat  crosses  it.  Here  there  has  been  tremendous  crush ;  and  the  rock  in  its 
conditions  of  amorphousness  jointing  and  cleavage  is  scarcely  distinguishable 
from  a  vein  quartz,  while  it  is  rather  twisted  out  of  strike  and  is  nearly  vertical. 
To  the  eastward,  however,  the  normal  noHhward  dip  is  soon  resumed,  and  the 
change  to  a  well  bedded  and  laminar  disposition  is  quite  plain  within  a  range 
of  half  a  mile,  even  with  two  or  three  further  intervals  of  violent  crush. 

As  a  rule,  however,  the  rock  is  more  a  quartz-schist  than  a  quartzite,  that  is,  it 

'  See  alio  Dr.  Benza's  Account;  previotiB  reference,  p.  59. 
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is  setcbm  fimelf  gnmtiBt  or  ccABpttct,  tetow  gen&vebffy  eottt&efy  (npybtaffinegnmnkr 
and  fiomewliat  open  textnzrod  oonsifltiiig  almoBt  entirely  of  mggeilj  isryvMimb 
|)Artiol6»  or  maeses  of  white  or  f;eti»mlfy  yellow  and  f ermginoiiBly  etikisied  qnarti 
confosedlymMfledtogetliar^  Imt in weUdefiited  bed»  of  all  thiols  Tlieroisa 

oertua  admiztoreof  white  or  pink  felspar  fillin^tqy  thaintersticeff  whiohoa  woithci' 
ed  miTfiK«s  sxehoUow  andgi^e  ibm  rook  the roagh  open  i»ttntB  it  often  pi«cte&to. 
Insomeof  the  "veiy  ooarBe  'VictetieSyiha  irregnhnrnuteeaof  qntttsomhalf  an  i$A 
aoMsv;:  and,,  on  joint  saifaoes,.  these  show  in  Certain  Hglitv  a  eort  of  adaolsntfaie 
loatre^  ratiiee  nnniinali  in  tbiB  mincrifaL  Som«:  of  the  heds  are  nraiaeeona  svi 
Bchistose^  as  int  the  oDtccope  6  or  6  miiea  l^JS-^W.  of  BimHpatau :  whiie*  Ham 
are  fldso  asBooiatad  heda  and  seama  ol  tooM:  Or  lees  fiefapaiJuc  eanatiitotioiii 

8«ch  are  ifae  prinoqnl  and.  most  marked  varietiaB  ol  the  YbmgtpslUik 
gneisses :  al  least  ^eao'  ace  they  which  wonld  f oroe  tJwneeitreg  by  their  oeetv^ 
rence  in  fWOBuneDt  ontcropa  on  tho  notice  of  the  ohsemr  ia*  a  serte  of  lapid 
traT^rees  like  those  on  which  this  sketch  is  oonstmated)^  Ai  the  same  time,  then 
mnst  ho  many  other  yarietieB:  hidden^  heneath  the  evperiieial  covering  of  the 
plains  whidi  cen  only  he  asoertained  hy  cloeewc^k;  Onoof  them,  appeerin^ 
perhaps  more>  frequently  than-  othere,  e^eoially  hetween  Bobbitt  aiM^  Psrvatn- 
pnr,  is  an  extremely  coBfse  and  souetimea  ropy^looking  rack  coaaieliBg  of 
thick  (Y  to  Yy  bvt  exceedingly  inegcdar  and  bfoken  twisted  laminae  of  qiiaits 
(with'  gamete))  felspai^  and  mica  (crowded  with  garnets),  lilica  oecvn  wi^ 
the  other  lammtB  too  r  so  that  generally  the  rook  might  be  caUed  an  extreme^ 
coarse' mieaceona  gneissi  The  laminss  ate  seldoin  steady  in  the  diieetiow  of  Ihe 
dip)  thtttis,^the3^  ate  hrdoen  by* eornigatiaast  thengh  mete  ao^on^the  strike.'  As  a 
coBseqnenos^  <m  oroes-  fiactoses'  the  aspect  is'  given  of  m  Tery  ooarse  grettite^ 
pcpphyritic  with  big  maasea  of  qnarte  or  fetepat.  Most  cA  ike  milestones  along 
the  Parvatipor  high  road,  beyond.  Bobbili,  areef  this  stonoi  and'  look  veiy  hke 
blooke  of  coerrae  poiphyry;^ 

QneisBes  of  tke  Oaiikafuh,  hSU  ^moi.-^An  opportonHy,  nndei<  ^ttf  gnidaneei  of 
Mr.H.  G.  Tomeiv  O^S^,  the.  Collector  atid  Agent  Of  I3ie  district^  was  afforded  me 
of  visitii^  this  region  and  of  thns  making  atiwerseeB  far'as  thc'^erge  of  tbe 
Jeypore  territory  (^er  a  considerable  thieknes»  of  gneisses'  which  by*  their  li(i 
appear  tobe snbjaeent  to-ov  older  than^any  of  the  ba^nds-'  or  enbdivisions  already 
desonbed.  They  are^  at  any  rate,  alt'  dipping  to  the  east-^onth-eastward :  at 
first-  on'  the  skivtv  of  the  hilla  abont  Bodara  and  thence  westwttrds  to  the-flr^ 
ascent'  (1,000  feei)i  below  Eaiavalsa,  at  high  angles ;  and  then  at  lower  and 
lower  inclmaticma  nntil,  in  DevadimaoM^P  (oyer  5,000  feet)  the  highest  station  of 
the  Galikonda  ridge,  they  are  lying  so  low  as  36P.  The  rocksare  still  gametif eMyos 
bnt  not  nearly  to*  anch'  an>  extent  a»  is  the  case  with  tlkiee  already  descHbed ; 
while  they  aare  mace  decidedly  qaartzo-felspathio  in  theirconstittttion  and'not  so 
schistose  thenghstilil  well-bedded  and  laminated;  and  their  cdotiTS  are  ofeor- 
respondingiy  lighter  shades..  They  must;  for  the*  present,  be'  considered  as  be- 
longing to  the  Yiaag^atam  seriesibeing  still <m  tiiewholo markedly differentfrott 
the  more  massive  and  ksa  f  coated  and  older-loeking  gneisses' of  Sonthem  India. 
ThemainridgebedB,.howeYar,.mn.npatthe:low  angle  of  dip  given  above,  and 
give  a  steep  and  high  craggy  face  looking  out  over  the  lower  npland  of  Jejpore 
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to  the  west,  thus  exhibiting  a  break  in  the  surface  contotir  which  may.  arise  from 
a  change  in  the  character  wA  eyen  the  relative  a^  of  the  crystallines  to  the 
westwards  Qalikonda  is  the  proposed  hill  resort,  of  Yizianagrum,  but  as  jet  it 
has  only  received  very  slight*  attention  in  that  way»,  partly  from  its  distance, 
some  45  mil€|S  westward),  and  from  want  of  oonyenient  accessibility.  The  old 
Baiavalsa  trapli;  in.  iN  direction  pf  JTeypoie  pa^ses  over  a  lofty  (over  4,200  feet) 
saddle  a  ^hprt  disi^uce  Dprth.  of  the  highest  point  of  thfr  Qalikonda  ridge,^  after 
w:hich  it  deape^ds  ag(49  ra,tlier  rapidly  tpa  lover  upland.:  this  ia  now  being  made 
by  slow  degrees  fit  for  cart  traffic,  Xiong  a^o»  epme,  enterprising  official  built  a 
bung^QW  aud  planted.  ^  gairden  ot  variiQua  fruit-trees  high  up  on  the  eastern 
elopesj;  bu,t  the^  g^rde^  only  nowr-r^miiiins  the  living  aud  luxuriant  result  of  that 
ezpeninimtn  At  ^  mpob  lower,  elevation,  abo^t  3>000  feiet  aud  about  half-way  up 
the  gh^t^  ai^  e^^nmen^tal  pli^utation  {or  coffe€t»  tea^  cinohon«».and,  other  product^ 
has  been  st99^ti!d  ui^d^i:  ibc^  Ipo^  Qoyer^vooni^  with  I  thiuk  im  prospects,  of 
euQcesp^ 

OryBiotlU^  Lifmagtofne  Bmdsn^^A  veiy  uitei^ting  ooourreoce  in  the  gneisses 
of.  the  hill  trat^t  is  a  series  of  a^pa^njtly  isolated  outcropa  of  crystalline  limestone 
whiphy  irrespective  of  the  industpfd  vfdue  they  may  come  to  possess,  ore  pierced 
by  awallow  holes  or  payems  one^^  of  whiph  is  of  considerable  extent  luid  magni- 
iicenpp,^  The  soiathprnmost outcrop  witbin  the  range  of  our  traverse  is  on  the  low 
saddlp  ^bovp  the  yillage  of  Nilgalgunto.^  6  miles  south-<east  of  Qeyadimanda  hill. 
There  is  ^  smiall  cave  here,,  lined  with  travertioe  but  without  any  stalactites  or 
stalagmites:  other  recpssps  are  said  to  e^dat  which  are  now  blocked  up.  The 
limestone  is  of  grey  and  dark-green  or  nearly  black  colours,  the  latter  arising 
from  a  strong  admixture  of  homblendic  minerals,  generally  coarsely  saccharine, 
in  thick  beds  having  a  high  dip  to  E.S.E.,  with  an  closed  aggregate  thickness 
of  about  30  yards.  Some  6  miles  to  the  N.N.B.,  a  short  distance  beyond  the 
village  of  Borra,  a  much  inore  important  outcrop  forms  a  low  hill  through  which 
the  village  stream  passes  by  a  series  of  swallow  holes  to  the  Peddagunda  river. 
Formerly  the  subterranean  channel  was  free,  but  within  the  last  few  years  it 
became  choked  up ;  and,  as  a  consequence,  a  small  lake  or  tarn  has  been  formed 
behind  the  southern  end  or  headland  of  the  limestone  hill,  the  flooded  waters 
of  which  have  in  time  cut  a  temporary  off-flow  on  its  western  side.  Half  way 
over  the  hill,  going  northwards,  there  is  an  opening  to  a  cavernous  shaft 
down  which  one  can  look  into  dim  depths  and  from  which  issues  the  murmur 
of  running  water.  A,  short  distance  further  on,^  the  path  reaches  the  edge'  of 
the  northern  face  of  the  hill  where  it  overhangs  a  deep  ravine  in  which  the 
village  stream  again  comes  to  light  about  300  feet  below.  The  hill  thus 
traversed  by  a  series,  of  swallow  holes  is  made  up,  as  far  as  outcrop  shows, 
of  about  500  feet  in  thickness  of  generally  massive  and  pale-coloured  granular 
crystalline  limestone,  some  beds  of  which  in  their  fineness  of  texture  and  pure 
colour  compare  favourably  with  Carara  marble ;  though,  as  a  rule,  the  rock  is 
more  coarsely  crystallized  and  of  grey  or  dirty  white  colours,  weathering  dark  or 
n«axly  black.  The  dip  is  high  50°  or  60°,  or  even  more,  to  the  eastward  with  a 
N.N.E.— S.S!W.  strike.  As  far  as  I  could  see,  the  band  is  lenticular,  thinning 
out  rather  suddenly  to  the  southward. 
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Borra  Oave.^Ahout  60  feet  below  the  northern  brow,  a  large  but  low 
entrance  leads  into  a  deep  and  lofty  cavern  having  a  rude  dome-like  roof 
opening  to  the  sky  above  by  the  orifice  already  mentioned.  Here,  in  fact,  is 
a  hnge  natural  cave  temple,  bearing  a  ragged  resemblance  to  the  Pantheon 
at  Rome,  though,  as  yet,  it  contains  only  one  £^od,  Priapns,^  represented  by  afng- 
ment  of  stalactite.  The  roof  is  crossed  or  irreg^olarly  ribbed  with  thick  short 
cnrtain-like  masses  of  stalactitic  deposiuy  only  one  or  two  of  which,  towards  the 
sides  of  the  cavern,  are  connected  with  the  thickly  gronped  and  large  mammikted 
mounds  of  stalagmite  forming  the  floor.  The  latter  slopes  rapidly  down  on  the 
eastern  side  to  a  narrow  cleft  or  rift  along  which  the  waters  from  the  stream 
above  pursue  their  still  hidden  course ;  this  rift  being  generally  in  a  plane  of 
bedding.  Further  cavernous  recesses  are  seen  to  occur  upwards  towards  the 
dammed-up  tarn,  while  on  the  other  side,  the  existence  of  yet  lower  caverns  is 
evidenced  by  gleams  of  light  pouring  in  from  the  deep  ravine  in  front  to  the  depths 
of  the  side  rift.  We  were  only  able  to  note  the  features  of  this  great  care  in  a 
very  rapid  way.  The  single  stalactite  (6  feet  long,  and  4  to  8  inches  in  diameter) 
has  been  appropriated  for  the  devotional  service  noted  above,  the  cave  being  the 
resort  at  certain  seasons  of  many  pilgrims.  There  is  one  other  pillar  in  the  shape 
of  a  small  stalsigmite,  3  feet  high  and  8  inches  in  diameter,  which  is  slowly 
rising  from  the  floor  by  deposition  from  the  drops  falling  at  long  intervals  from 
the  roof.  The  interior  of  the  cavern  is  coated  over  with  travertine,  a  dull  cream- 
white  compact  semi-crystalline  rock,  the  surface  sparkling  a  little  owing  to 
minute  sparry  facets.  The  stalactitic  festoons  are  beautifully  fluted  and  wrinkled, 
while  the  huge  fungoid  and  coralloid  mounds  of  stalagmite  are  wrinkled  in  little 
waves  of  texracing,  the  mounds  themselves  being  made  up  of  successive  shells 
with  irregular  cavities  between. 

A  good  deal  of  rubbish,  the  sweepings  from  the  numerous  pilgrim  gfatherings, 
lies  collected  among  the  stalagmitic  mounds  forming  an  uneven  earth  floor,  but 
with  no  thickness ;  and  this  appears  to  be  the  only  material  in  which  any  remains 
could  occur  otherwise  than  in  the  substance  of  the  mounds  themselves. 

On  a  subsequent  visit,  as  I  am  informed  by  him,  Mr,  Turner  ascertained, 
notwithstanding  that  we  were  told  to  the  contrary  by  the  villagers,  that  this 
band  of  limestones  is  continued  to  the  northward,  and  that  it  even  bars  the 
passage  of  the  Peddagunda  river  itself  by  a  wall  some  20  or  30  yards  wide  which 
is  pierced  by  a  cavernous  channel  having  two  appertures  on  the  up-side,  each 
40  feet  high,  one  above  the  other,  but  not  in  a  straight  line.  Further  in,  the 
hollow  is  only  about  3  or  4  feet  above  the  level  of  the  water ;  and  through  it,  Mr. 
Turner  could  by  creeping  in  as  far  as  possible  and  bending  down  just  see  the  light 
coming  in  at  the  orifice  on  the  down  side.  There  is  no  particular  show  of  tra- 
vertine in  this  swallow  hole. 

From  all  Mr.  Turner  could  gather  by  enquiry, — and  curiously  enough  the 
villagers  appear  very  reserved  on  the  subject — there  appear  to  be  other  caves  or 
outcrops  of  limestone  both  in  this  neighbourhood  of  Borra,  and  yet  further  east- 
ward at  the  foot  of  the  hills.     This  Borra  band  and  that  reported  to  the  eastward 

1  Preenmably  lo  at  least:,  for  the  pillar  of  travertine  is  to  all  appearance  a  sort  of  '  Ung^  ^^ 
there  was  no  anthoritatiTe  priest  or  devotee  at  hand  to  settle  the  qnestion. 
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would  be,  if  continued  northwards  in  the  line  of  strike  held  by  the  gneisses, 
somewhat  in  the  direction  of  other  reported  outcrops  of  calcareous  rocks  in  the 
Salur  Zemindari:  and  it  is  not  improbable  that  the  ultimate  tracing  out  of 
them,  as  well  as  of  a  yet  further  outcrop  (to  be  noticed  immediately)  to  the  north 
of  Yizianagrum,  may  bring  the  Ghilikonda  gneisses  into  a  closer  relation  with  the 
Kailassa  band  than  my  traverse  of  them  has  led  me  to  suppose  is  the  case* 
JEconomie  Minerals^  (Graphite,  Manganese  ore,  and  Kaolin). — It  has  been  long 
known  that  graphite  occurs  in  this  district  and  indeed  at  intervals  also  to  the  south- 
ward in  this  same  zone  or  belt  of  gametiferous  gneisses,  as  far  as  Bezvada  on  the 
Kistna.  I  was  unfortunate,  however,  in  not  being  able  to  visit  any  locality  where 
it  occurs.  By  all  accounts,  it  is  not  known  to  occur  in  any  quantity  or  richness ; 
the  most  favoured  locality  for  production  appearing  to  be  in  the  neighbourhood  of 
Salur,  the  chief  village  of  a  large  zemindari  at  the  foot  of  the  western  hills. 

I  was  more  lucky  however,  in  ascertaining  the  occurrence  of  manganese  ore 
which  has  hitherto,  I  believe,  only  been  reported  as  occurring  here  and  there  among 
the  lateritoid  forms  of  decomposed  gneiss  and  then  only  sparingly,  more  especially 
so,  it  is  said,  on  the  Bimlipatam  hill.^  About  6  miles  to  the  northward  of 
Vizianagrum  on  the  road  to  Pdlkonda,  after  passing  through  the  gap  in  the 
Chota  Himalaya  range  and  a  short  distance  beyond  the  ford  of  the  Konada  river, 
there  is  a  band  of  dark  weathering  somewhat  siliceous  crystalline  limestones 
cropping  out  along  the  base  and  somewhat  up  the  slope  of  the  hill  on  the  east  side 
of  the  road,  associated  with  which  are  two  obscure  exhibitions  of  manganese  ore. 
The  most  obvious  of  these  last  is  in  a  portion  of  the  talus  of  debris  (mostly  of 
gneiss  fragments)  at  the  foot  of  the  slope,  where  for  several  square  yards  the 
black  and  slaggy-looking  material  gives  the  idea  of  the  place  havinf^  been  the  site 
of  an  old  iron-smelting  community.  A  good  quantity  of  this  psilomelane^  as  it 
really  is,  has  been  dug  out  for  road  material ;  in  fact,  the  road  is  metalled  for  some 
distance  with  this  ore  of  manganese.  I  was  unable  to  satisfy  myself  that  any 
of  the  ore  is  in  situ;  the  pits  have  exposed  a  covered  portion  of  the  limestones 
alone,  and  the  large  blocks  and  smaller  masses  of  ore  all  appeared  to  me  to  be 
debris  which  had  rolled  down  from  above  like  the  gneiss  debris  on  either  side. 
Somewhat  higher  up  the  slope  but  to  the  right,  following  the  limestone  outcrop, 
a  portion  of  the  latter  rock  is  crosted  over  by  a  thin  and  irregular  coating  of  black, 
black  and  pink,  speckled  and  blotchy  travertine  largely  charged  with  earthy 
manganese  ore  or  '  wad '  which  may  have  been  caught  up  by  the  calcareous 
waters  in  their  sub-terranean  passage,  through  or  over  the  manganese  lode. 

The  ciystalline  limestone  itself  is  very  hard  and  finely  saccharoid,  and  crowded 
with  small  crystals  of  green  coccolite ;  in  thick  beds  dipping  at  45°  or  so  to  east- 
ward, with  the  lamination  well  displayed  on  weathered  surfaces. 

Specimens  of  the  ore  were  submited  to  my  colleague  Mr.  F.  B.  Mallet,  who 
reports: — 

No.  1.  Non-nodular  ore  from  road-metal  quarry.    TsUomelane,    Contains 
67*7  per  cent,  of  available  peroxide. 

'  It  is  quite  potsible  that  closer  search  may  disclose  a  limestone  band  in  ibis  bill,  or  at  any 
rate  a  band  of  manganese  ore  whence  the  ore  (probably  pyrolusite)  in  the  lalcritoid  rock  may  have 
been  derived. 
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No.  2.  NodiilKr  OV0  filoiii  some  lodility.    P»i2o«h»ton^,  in  {xKrt  tfl  leittt  eon- 

iains  53*5  per  eent.  »TfidlaUe  peroxide. 
No.  4.  Earthy  ore  from  dloiie  of  liill  aboye.    GonttfizuB  1^*7  p^  deal  ami- 
able peroxide,  also  some  lime,  tto^ 

The  latter  specimen,  taken  firanu  the  trsreriixie  ebcraetatiofif  deBOfib^ii  above, 
is  of  vexy  inferior  quality  :  but  No.  1  id  remai^ably  good,  eoming  tp  es  it  does 
to  <te  average  of  the  ore  (^  oommeice,  which  rangee  «t  from  dO  to  70  per  0(9tti.  of 
aToilable  peroxide. 

Traces  of  a  similar  developfnent  of  orystallinB  limesfaiie  and  imoeiaiied  osii- 
ganeBe  ote  occur  near  Ramachandrapnram  in  the  Salnr  Kamimdari ;  the  high 
road,  T^hen  it  Uforcates  to  Bobbili  on  the  one  side  and  Saltbr  dn  iHie  oih^,  beiBg 
also  metalled  for  somd  distance  with  debris  of  thie  ons. 

Another  indnstrial  resouroe  of  posdbly  greater  fafciro  value  ihali  laifthe^  of  the 
above  is  a  more  Or  less  decomposed  white  feispaor  (?  inrtireitVoti^e)  oeottrring  in 
thifi  seams  in  the  Yizianagmm  band  of  gneisses  whieh  gives  promise  of  a  Ksetin 
of  superior  quality.  It  has  been  found  here  and  there  in  the*  neij^bou^hobd  of 
the  town  in  the  digging  of  wells^  and  was,  I  believe,  first  brought  to  notice  by 
Br.  Thosw  Quinn,  the  State  Stirgeoti,  who  also  supplied  mei  with  specimens.  Like 
many  other  so-called  kaolins  and  pottery  clays  fotind  in  other  parts  of  the  Piesi. 
dency,  tlik  local  product  has  undergone  A  eertaiti  amount  <4  trial  alt  the  Madras 
School  of  Art  and  even  received  lather  favourable  c6mmendati(tti  froM  Mi*.  B.  F. 
Chisholm,  the  then  officiating  Superintendent  of  that  institution.  A  further  con- 
signment was  asked  fbr  and  sent  down  to  Madras  which  appears  to  liave  given 
better  rssults ;  while  &  specimen  of  porcelain  is  said  to  have  been  prepared  fnnn  it 
for  the  Maharajah's  acceptance.  Nothing  further  is  however  known  of  thid'  eoki- 
sigmnent^  and  tiie  development  of  the  day  has  fallen  iiitof  abeyaiicO. 

Mr.  Mallet  was  good  enough  to'  examine  tbe  Specimens  giten  me  My  tk, 
Quinn,  with  the  following  lesult  r — ^^Dscompoaed  feUpcdhi6  rock  from  Vteianafruin, 
When  reduced  to  powder  and  mixed  with  water  was  only  v6ry  slightly  plsstio. 
The  mass  was  made  into  small  bricks  with  sharp  square  edges,  which,  after  diying, 
were  heated  in  an  injector  gas-furnace.  At  a  yellowish  white  heat  the  bri<ikB 
began  to  bend,  and  at  a  full  white  heat  were  reduced  to  a  semi-fused  condition, 
the  colour  after  cooling  being  pure  white.  The  material  is  not  a  China  day,  bat 
resenofbles  Gornish  stone  (a  partially  decomposed  granite  j  which  is  largely  used  as 
an  ingredient  of  the  finer  kinds  of  pottery.  The  absence  of  colouring  matter  in 
the  Yizianagmm  stone  renders  it  suitable  for  use  in  a  similar  way."^ 

These  specimens  were  really  only  very  partially  decomposed,  much  of  the 
felspar  being  crystalline  and  having  the  beautiful  sheen  or  pearly  lustre  charactsr- 
istic  of  murchisonite ;  but  I  believe  much  more  perfectly  weathered  or  decomposed 
and  clayey  forms  are  procurable  which  may  give  better  results.  The  doubt  in 
my  mind  is  as  to  the  quantity  available,  for  I  did  not  see  any  indications  of 
thick  bands  of  such  a  rock. 
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Prelimina/ry  ne4e<mfhe'Qeo\Ggj  af  Nortkem  Jesalmer  fwith  a  map),  5t/  B.  B. 
Oldham,  A.B.8.M.,  Offiotaiing  SuperiniendeHt,  QeelofiecU  Bwrvey  qf  IwAul 

The  Qountry  lying  hetweeii  the  Arvalis  and  the  lodns  may  be  classed  as  one  of 
our  terrcB  incognitos;  even  on  the  latest  maps  it  is  comprehensively  styled  a  desert 
and  the  great  objeotion  which  map-makers  have  to  a  Uank  space  has  been  got 
over  by  scattering  sandhills  indiscrimioately  over  the  whole  area.  Sandhills  are 
abundant  and  widespread,  but  there  are  also  large  tracts  of  country  from  which 
they  are  absent  and  which  could  even  by  comparison  be  called  fertile,  at  least 
in  those  years  when  there  is  an  average  rainfall. 

Broadly  speaking  this  region  may  be  said  to  be  divided  into  three  principal 
tracts :  there  is,  firstly,  the  alluvial  plain  at  the  foot  of  the  Arvalia  dotted  with 
rogged  rocky  island  hills  rising  abruptly  some  hundreda  of  feet  from  the  plain. 
Then  comes  a  tract  of  undulating  country  in  which  there  are  large  exposures  of 
rock  which  rarely  rise  much  above  the  general  level  of  the  surface,  and  to  the 
west  of  this  there  is  the  rocky  oasis  of  Jesalmer,  marked  by  prominent  scarps 
alternating  with  broad  gently  sloping  plains.  Geologically  too  the  region  may  be 
divided  i^to  three  tracts.  There  is  first  a  tract  where,  excluding  alluvium,  the 
rocks  are  all  the  highly  disturbed  ancient  beds  of  the  Arvalis ;  then  there  comes  a 
tract  of  the  flat-bedded  Yindhyan  sandstones  and  limestones,  and  west  of  this  there 
are  the  neozoic  (secondary  and  tertiary)  beds  in  Jesalmer.  The  geological  and  geo- 
grraphical  divisions  are  nearly  co-extensive  and  conterminous,  but  there  are  just 
sufficient  e^cceptions  to  show  that  the  features  of  the  country  are  in  part  at  least 
due  to  other  than  structural  causes.  Some  of  the  prominent  hills  in  the  eastern 
tract  are  composed  of  the  flat-bedded  Yindhyan  sandstones,  and  the  western 
boundary  of  the  undulating  rocky  plaiu  overpasses  the  eastern  boundary  of  the 
neozoic  rocks.  These  divisions  are  very  distinct  about  the  latitude  of  JesaJmer, 
but  to  the  north  in  Bikanir,  where  the  rocks  sink  under  alluvium  and  sandhills, 
they  naturally  disappear. 

Any  general  account  of  this  region  would  be  incomplete  without  some  refer- 
ence to  the  sandhills  which  are^found  in  all  the  subpdivisions  and  are  particularly 
prominent  and  well  developed  in  the  desert-tract  between  Nagore  and  Phalodi. 
There  are  many  problems  of  interest  and  difficulty  in  connection  with  these  sand- 
hills, not  the  least  of  which  is  their  appai'ently  capricious  distiibutiou  and  the 
apparently  equally  capricious  exemption  of  large  tracts  from  their  presence. 

Of  the  three  geological  sub-divisions  the  eastern  one,  that  of  the  ArvaK  rocks, 
has  abeady  been  described;^  the  Yindhyan  area  representa  little  of  interest  i  and 
of  the  neozoic  area  a  portion  has  already  been  referred  to.'  There  remains  the 
northern  portion  of  the  rocky  oasis  of  Jesalmer  which  presents  many  features  of 
interest  and  of  which  I  propose  to  give  a  brief  description. 

The  observations  on  which  this  paper  ia  based  were  made  during  the  loop 
cast,  northwards  from  Jesalmer^  mentioned  above.'    Under  such  oircumstanGcs 
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detailed  observation  is  as  impossible  as  it  would  have  been  at  vananoe  with  the 
object  of  mj  visit,  and  I  shall  in  consequence  confine  myself  very  much  to  what 
may  be  regarded  as  more  or  less  certain ;  some  of  the  doubtful  points  it  will  be 
necessary  to  allude  to,  but  most  of  them  I  shall  pass  over  in  silence. 

The  physical  geography  of  this  tract  is  characteristic  and  striking,  being 
marked  by  numerous  parallel  scarps  separated  by  broad  grassy  plains ;  in  the  north 
near  the  village  of  Parihar,  there  is  a  remarkable  group  of  fli^t^pped  hiUs  which 
rise  about  150  feet  from  the  plain.  These  are  the  only  isolated  hills  I  know  ofia 
this  region,  and  as  they  rise  from  an  elevated  plain  they  form  a  most  conspicuous 
landmark  visible  even  from  the  fort  of  Jesalmer.  Two  other  peculiaritieB  may 
be  mentioned,  one  is  the  number  of  stream  beds  met  with,  one  of  which-Hhe 
Karkana — ^has  a  course  of  about  45  miles,  and  is  then  lost  in  a  salt  plain  which 
during  the  rains  becomes  a  shallow  lake ;  tbe  other  is  the  absence  of  sandhiUs, 
but  few,  and  those  small,  are  to  be  found  at  all. 

East  and  south-east  of  Jesalmer,  underlying  the  limestone,  there  is  a  group  of 
sandstones  characterised  by  the  occurrence  of  silicified  wood.  These  have  been 
described  by  Dr.  Blanford,  but  no  special  name  given  to  them.  I  would  suggest 
the  "  Lathi  group,"  Lathi  being  a  large  village  or  town  on  the  road  from  Pob^n 
to  Jesalmer,  where  the  silicified  wood  is  very  abundantly  deyeloped. 

From  Jesalmer  the  route  lay  over  the  elevated  rocky  plateau  of  the  Jesalmer 
limestones,  and  then  descended  into  the  valley  of  the  Karkana ;  to  the  west  of 
Lodowa  is  a  broad  alluvial  plain  with  occasional  outcrops  of  the  limestones  and 
sandstones  of  the  Jesalmer  gronp  ;  this  plain  is  bounded  on  the  north- north. west 
by  a  very  prominent  scarp  of  the  Bedesir  group,  rising  to  a  height  of  over 
100  feet ;  it  is  composed  of  pale  purplish  and  reddish  sandstone  with  which  are  some 
bands  of  hard  calcareous  sandstone,  dark  red  ferruginous  rock,  and  numerous 
thin  bands  of  a  hard  black  ferruginous  sandstone  that  breaks  with  a  glassy 
conchoidal  fracture  and  rings  under  the  hammer.  In  the  sections  I  have  seen, 
this  rock  occurs  as  thin  bands,  seldom  more  than  |  inch  in  thickness,  as  partings 
in  the  softer  non-ferruginous  sandstone,  and  never  forming  more  than  -^  of  the 
whole  thickness  of  the  beds ;  but  as  the  rock  is  practically  indestructible  its  frag* 
ments,  wherever  it  occurs,  thickly  strew  the  ground  and  give  the  country  a  desolate 
aspect  not  unlike  that  of  a  cinder  heap  or  a  recent  lava  flow  on  which  vegetation 
has  not  had  time  to  establish  itself.  The  occurrence  of  these  beds  enables  the 
group  to  withstand  the  efEects  of  weather  in  a  manner  that  makes  its  boundary 
with  the  Jesalmer  group  always  take  the  form  of  a  prominent  scarp. 

At  one  place,  about  3  nules  west-north-west  of  Lodowa,  I  was  fortunate  enough 
to  find  some  fossils;  they  occur  in  a  diirk-red  ferruginous  matrix  and  consist  of 
one  or  two  species  of  Ammonites  and  Belemnites  and  a  few  Terebratulm  and  some 
small  free  corals.  It  is  impossible  to  say,  without  more  detailed  examination  than 
is  at  present  practicable,  whether  any  of  these  are  identical  with  Kachh  species 
or  no,  but  they  do  resemble  some  of  the  Katrol  species,  and  curiously  enongh 
there  is  also  a  remarkable  similarity  in  the  matrix. 

The  boundary  between  the  Bedesir  group  aud  the  next  above  it  is  difficult  to 
draw,  as  it  is  not  marked  by  a  scarp,  and  I  have  been  compelled  to  take  the 
limit  of  the  black  ferruginous  sandstone  as  the  limit  of  the  two.     This  group  I 
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have  called  the  Parihar  group  as  a  provisional  name,  but  in  lithological  characters 
it  closely  resembles  the  Umia  group  of  Kachh,  and  seeing  that  tho  Bedesir  group 
contains  fossils  resembling  those  of  the  Elatrol  group,  and  that  the  Jesalmer 
limestones  are  the  equivalents  of  the  Ohari  group,  it  seems  probable  that  we  might 
apply  the  Elachh  names  to  the  rock  groups  of  Jesalmer,  yet  in  the  absence  of  more 
detailed  examination  such  a  course  would  hardly  be  justifiable. 

The  Parihar  group  consists  principally  of  soft  white  felspathic  sandstones, 
occasionally  calcareous  or  slightly  ferruginous.  They  decompose  so  easily  that 
the  country-  they  occupy  consists  for  the  most  part  of  level  or  nearly  level  sandy 
plains  covered  with  a  sugary  sand,  the  sugaiy  look  being  due  to  the  angular 
shape  and  transparency  of  most  of  the  quartz  grains.  Besides  the  soft  sandstones 
there  are  some  beds  of  a  hard  glassy  rock,  which  breaks  with  a  conchoidal  fracture 
and  should  perhaps  be  called  a  quartzite ;  similar  beds  are  known  to  occur  in 
Kachh.  In  Jesalmer  they  always  form  hills,  the  most  conspicuous  of  these  being 
the  Parihar  hills,  already  referred  to,  which  are  capped  by  beds  of  the  hard 
glassy  sandstone,  all  the  rest  of  the  hill  being  formed  of  soft  sandstone  of  the 
usual  type  of  the  Parihar  group. 

To  the  south  of  the  Parihar  hills  is  a  group  of  hillocks,  about  50  feet  high, 
composed  of  this  same  rock.  The  southernmost  of  these  appears  to  belong  to  the 
Bedesir  group  of  rocks,  and  owing  to  its  induration  and  a  peculiar  structure  which 
gives  it  the  appearance  in  one  place  of  being  composed  of  vertical  beds,  it  seemed 
when  first  seen  to  be  an  inlier  of  the  Arvali  quartzites,  an  opinion  which  examin- 
ation soon  showed  to  be  untenable. 

At  the  Parihar  hills  the  glassy  sandstone  may  be  seen  in  places  distinctly  overly- 
ing the  nummulitics,  but  as  I  never  saw  any  similar  bed  interbedded  with  the 
nummulitics,  this  would  seem  to  be  due  to  slippage  of  the  hard  bed  from  a  higher 
to  a  lower  level  over  the  surface  of  the  softer  and  more  easily  weathered  nummu- 
litic  sandstones. 

Above  the  Parihar  sandstones  there  comes  another  group  of  sandstones,  shales, 
and  fossiliferous  limestones,  the  latter  weathering  a  dark-i^  colour.  In  this 
group  there  is  a  very  conspicuous  fossiliferous  band,  the  fossils  being  all,  except 
the  oysters,  converted  into  a  yellow  substance,  which  shows  out  conspicuously 
against  the  red  matrix.  This  is  Mr.  Blanford's  Ammonite  bed  of  Kuchri,^  but  as 
this  village  is  not  on  the  group  at  all,  and  as  the  rock  is  known  throughout  the 
country  by  the  name  of  "  Abur  stone,"  it  would  be  better  to  use  the  name  of  that 
village  for  the  group.  The  stone  has  a  sort  of  semi-sacred  character,  blocks  of  it 
being  quarried  to  place  in  the  thresholds  of  the  temples. 

The  next  rocks  overlying  the  Abur  group  are  of  nummulitic  age ;  where 
crossed  by  Dr.  Blanford  in  1876,  they  form  a  conspicuous  scarp,  which  extends 
as  far  north  as  the  Parihar  hills ;  here  it  becomes  much  less  conspicuous  and 
bends  round  to  the  eastward.  The  thinning  out  of  the  nummulitics  is  very 
marked,  for  the  scarp  at  Abur  is  full  100  feet  high,  while  at  Khewalsir  there 
are  not  more  than  50  feet  of  beds  exposed,  and  the  lowest  of  these  is  higher  in 
the  series  than  any  bed  in  the  Abur  scarp. 

On  top  of  the  nummulitics  there  comes  a  band  of  a  ferruginous  rock,  very  like 

>  Rec.  Qeol.  Sorv.  Ind.,  X,  16  and  20. 
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laterite ;  whether  this  belongs  to  the  series  or  no  I  cannot  saj.  I  have  never  seen 
it  overlaid  by  any  beds  of  nummnlitic  age,  but,  on  the  other  hand,  from  Bam- 
giirh  to  Khewalsir  the  beds  immediately  underlying  it  appear  to  be  identical* 
this  would  point  to  a  conformity.  Nothing  resembling  it  was  seen  in  the  small 
outlier  of  nummolitics  at  Kotri  near  Koilath  in  Bikanir. 

In  the  Bikanir  outlier,  and  again  at  the  village  of  It&uodary  aboat  5  miles 
north  of  Khewalsir  in  Jesalmer,  there  occurs  a  veiy  fine-grained  unctuons  clay  or 
fuller's  earth  which  is  iai^ly  exported ;  it  is  the  "  Multlbii  mitti  ^'  of  np-ooontiy 
bazaars. 

To  the  north  of  the  village  of  Mandar^  just  mentioned,  the  nnmmulitics  sink 
below  an  alluvial  plain,  and  about  8  miles  further  north  the  Bandhillfl  are  said 
to  begin. 

On  the  road  to  Jesalmer,  at  Sawal  village  and  again  at  Amir,  there  are  lai]g9 
patches  of  pebbles  derived  from  a  conglomerate  whose  mode  of  occurrence  is  ao 
deceptive  that  at  first  sight  it  appears  to  be  interbedded  with  the  sandstones  of 
the  Lathi  group,  but  a  careful  examination  showed  me  that  they  are  of  mock 
later  date  and  quite  unconfonQable.  The  pebbles  are  all  of  local  origin,  being 
for  the  most  part,  rounded  quartz  pebbles  derived  from  the  sandstones  of  the 
Lathi  group  mixed  with  some  less  perfectly  rounded  pieces  of  ferruginous  sand- 
stone,  silicified  wood  and  a  few  of  the  characteristic  yellow  Jesalmer  limestone. 
There  is  no  direct  evidence  of  the  age  or  mode  of  origin  of  these  shingle  beds,  bnt 
I  would  take  them  to  be  sub-recent  and  very  possibly  marine  littoral  deposita 
It  may  be  remarked  that  they  occur  on  the  boundary  between  the  second  and 
third  of  the  geographical  tracts  into  which  I  have  divided  the  desert,  and  it  is  by 
no  means  impossible  that  the  sea  may  have  extended  over  the  country  east  of 
Saggar  and  Sawal,  while  Northern  Jesalmer  was  dry  land.  The  only  evidence  I 
know  of  against  this  is  the  existence  of  a  low  scarp  of  Vindhyan  sandstones  at 
Pokran ;  but  as  this  appears  to  lie  along  a  line  of  fault  it  may  be  due  to  a 
differential  movement  at  the  surface  and  of  quite  recent  origin. 

There  is  yet  another  rock  which  must  be  mentioned.  Near  the  summit  of  the 
Parihar  hills,  and  again  on  the  flanks  of  the  Abur  hills  there  occurs  a  peculiar 
compact  generally  pinkish  limestone,  or  more  properly  limestone  oonglomerata, 
marked  with  concentric  colour  markings  which  surround  the  fragments  of  lime- 
stone of  which  it  is  composed ;  some  of  these  fragments  may  occasionally  be  seen 
to  consist  at  the  centre  of  the  yellow  nunmiulitic  limestone,  while  the  outer  part 
has  become  converted  into  a  structureless  and  much  older-looking  rock.  This  is 
by  no  means  the  only  locality  where  this  rock  occurs.  Throughout  my  tour  I 
was  constantly  meeting  with  a  similar  rock  which  usually  contained  large  frag- 
ments of  quartzite,  in  some  localities  angular,  in  others  rounded.  It  is  one  of  the 
puzzles  of  the  region,  for  while  its  lithological  character  would  lead  one  to  con- 
sider it  to  be  very  old — at  least  as  old  as  the  Yindhyans — it  appears  to  rest  impar* 
tially  on  everything  from  the  Yindhyan  sandstones  to  the  alluvium.  Withoni 
more  detailed  examination  it  is  impossible  to  say  what  it  is,  nor  even  whether 
in  spite  of  the  general  resemblance  of  difEerent  exposuresi  it  may  not  be  of  very 
different  ages. 
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Noi€&  on  the  microscopic  stractore  of  some  specimens  of  the  Malani  rooks  of  the 

Arvali  region,  by  Colonel  C.  A.  McMahon,  F.G.S. 

When  reading  Dr.  Blanford's  interesting  account  of  the  Malani  porphyritic 
felsites,^  I  was  struck  at  once  with  an  apparent  resemblance  between  them  and 
some  felsites  observed  by  me  at  Tushdm.^  On  mentioning  this  to  Mr.  Medlicotfc, 
Director  of  the  Geological  Survey  of  India,  he  was  good  enough  to  send  me 
some  samples  of  the  MaJani  rocks  collected  by  Dr.  Blanford.  Pressure  of  other 
w(»rk  prevented  my  studying  these  specimens  in  detail  at  the  time,  but  J  have 
now  done  so,  and  offer  the  following  remarks  on  the  result, 

I  shall  briefly  describe  the  petrological  character  of  the  sample  specimens  in 
the  first  instance,  and  then  conclude  with  a  few  comments  thereon.  The  numbers 
quoted  are  those  of  the  Geological  Survey. 

No.  41-62. — ^A  dark  grey,  compact,  almost  flinty-looking  felsite  with 
extremely  minute  blebs  of  quartz  dotted  over  it.  Sp.  G,  2'62.  Fi*om  a  bed  30 
miles  west  of  Balmir. 

No.  53-62. — ^A  very  light  coloured,  greenish-grey  felsite  dotted  over  with 
very  numerous,  but  small,  and  very  irregularly  shaped  porphyritic  crystals  of 
felspar.  The  matrix  has  a  highly  porcelanous  appearance.  Some  extremely 
minute  blebs  of  quartz  may  also  be  seen.  Sp,  G.  2*53.  From  near  Pokran, 
90  miles  W.N.W.  of  Jodhpur. 

M, — These  specimens,  though  very  different  in  macroscopic  aspect  are  so 
similar  under  the  microscope  that  they  may  be  described  together. 

The  ground  mass,  in  both  reflected  and  transmitted  light,  exhibits  a  very 
beautiful  and  decided  fluxion  structure.  Between  crossed  nicols  the  base  breaks 
up  into  micro-felsitic  matter  in  which  countless  multitudes  of  minute  specks  of 
quartz  shine  like  stars  in  the  milky-way.  These  minute  specks  run  together, 
here  and  there,  forming  nebulous  clusters  void  of  sharp  or  regular  outlines. 

Under  high  powers  the  base  of  No.  41  is  found  to  be  filled  with  countless 
opaque  microliths,  for  the  most  part  in  shapeless  dots,  and  flocculent  greenish 
matter.  The  former  is  probably  magnetite  dust  and  the  Tatter  imperfectly  crys- 
tallized amphibole.  The  latter  is  absent  in  the  case  of  No.  53,  These  embryo 
microliths  often  cluster  together  and  form  wavy  strings  running  with  the  lines 
of  fluxion.  These  latter  are  due,  apparently,  to  the  imperfect  admixture  of 
felsitic  and  sDicious  material  in  the  base.  The  lines  of  magnetite  dust  are 
deflected  by  the  porphyritic  crystals  and  cluster  round  their  edges. 

The  base  contains  porphyritic  crystals  of  orthoclase  and  free  quartz.  The 
felspar  is  very  opaque.  Some  of  the  crystals  present  regular  crystallographic 
forms ;  others  are  apparently  in  a  fragmentary  condition,  whilst  most  of  them  are 
twinned. 

Some  of  the  quartz  exhibits  the  remains  of  crystallographic  shape,  but,  as  is 
usual  in  this  class  of  rock,  it  gives  evidence  of  having  suffered  corrosion  and 
partial  remelting,  being  in  more  or  less  rounded  blebs, 

'  Beoorda  Geol.  Sar.  Ind.,  X.,  11-17.    Manual,  p.  53. 
'  Beoorda  QeoL  Sur.  Ind.,  XVII.,  108.  : 
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No.  41  contains  some  sphene  and  magnetite,  or  ilmenite,  tlie  latter  being 
much  corroded.  No.  53  contains  a  little  haematite.  The  opacity  and  pinkish 
colouring  of  the  felspars  appears  to  be  dne  to  the  dissemination  of  oxide  of  iron 
through  their  substance.  In  No.  53,  the  porph3rritic  ciystals  of  felspar  are  much 
larger  than  the  granules  of  free  quartz.  In  No.  41,  one  of  the  grains  of  quartz 
contains  a  few  liquid  cavities  with  moving  bubbles. 

No.  46-62. — A  felspar  porphyry  of  reddish  colour,  from  Balmir.     Sp,  G.  2r^ 

M. — This  rock  under  the  microscope  has,  in  some  respects,  the  aspect  of  a 
trachyte.  Microliths  of  felspar  are  numerous  in  the  ground  mass  which  also 
contains  crystals  of  apatite  and  the  altered  remains  of  what  appears  to  have  been 
hornblende.     Much  of  the  iron  present  has  been  altered  to  a  reddish  oxide. 

The  slice  contains  no  free  quartz,  but  porphyritic  crystals  of  orthoclase  and 
plagioclase,  corroded  and  eaten  into  by  the  solvent  action  of  the  base,  are 
numerous.  Zonal  structure  is  apparent  and  the  triclinic  felspar  appears  to  he 
oligoclase. 

No.  46-62. — An  amygdaloidal-looking  rock  with  a  purple-grey  matrix.  Veins 
of  epidote  are  to  be  made  out  in  it  here  and  there.     Sp.  G,  2*68.     From  Balmir. 

M. — Judging  from  the  structural  characters  brought  to  light  by  the  micros- 
cope, this  rock  approaches  the  basaltic  type.  It  is  not  a  true  basalt,  for  it  con- 
tains neither  ohvine  nor  augite ;  but  its  structure  is  that  of  a  basic  lava,  for  it 
consists  of  multitudes  of  micro-prisms  and  microliths  of  felspar  disseminated 
through  a  devitrified  glassy  base.  The  latter  is  quite  opaque  when  examined  with 
ordinary  powers,  but,  with  the  aid  of  high  powers,  it  is  seen  to  be  composed  of 
very  minute  translucent  and  opaque  grains  which  are  probably  inchoate  augite 
and  magnetite. 

The  whole  of  the  felspar  appears  to  belong  to  the  triclinic  system.  It  is  much 
decomposed  and  altered.  The  rock  contains  irregularly  shaped  spaces  stopped 
with  prehnite,  epidote,  calcite,  and  some  opalescent  quartz. 

This  rock  very  much  resembles  some  of  the  basaltic  lavas  collected  by  me  near 
Clermont  Ferrand  in  the  Puy  de  Ddme  district  of  Auvergne,  the  habitat  of  the 
dpecies  of  trachyte  called  domite.  Some  of  the  basaltic  lavas  from  this  locaHtj 
contain  much  olivine  and  augite ;  others  again,  judging  from  the  thin  shoes  of 
them  which  I  have  examined,  like  the  Balmir  specimen,  contain  no  traces  of  these 
minerals. 

The  Auvergne  rock  abounds  in  vesicular  cavities  of  very  irregular  shapes  and 
has  a  micro-granular  base  starred  with  microliths  and  micro-prisms  of  triclinic 
felspar  like  the  Malani  specimen.  The  latter  rock  was,  I  apprehend,  likewise  a 
highly  vesicular  lava  when  it  flowed  from  its  ancient  crater ;  but  the  vesicles  have 
long  since  been  stopped  with  secondary  products  of  decay  through  the  agency  of 
infiltrated  water.  A  comparison  of  the  recent  lavas  of  the  Puy  de  Dome  with 
this  very  ancient  Malani  lava  affords  another  illustration  of  the  truth,  now  gene- 
rally admitted  by  English  geologists,  that  the  petrological  characters  of  volcanic 
products  afford  no  test  of  geological  age. 

In  connection  with  this  rock  it  is  interesting  to  note  that  Dr.  Blanford  met 
with  "  a  considerable  outburst  of  basalt "  between  Lowo  and  Pokran,  though,  as 
he  met  with  none  of  this  basic  rock  associated  with  the  Malani  beds  in  the 
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Pokran-Balmir  area^  he  did  not  consider  the  relation  of  the  basalt  to  the  Malani 
felflites  at  all  clear.  As  the  microscopical  examination  of  one  of  the  five  Balmir 
specimens  sent  to  me  for  examination,  displays  basaltic  affinities,  it  seems  not  im- 
probable that  a  detailed  survey  of  the  Malani  rocks,  at  some  future  day,  may 
show  that  as  in  Auvei^e,  so  also  in  the  Malani  area,  acid  lavas  graduate  into 
those  of  basic  type. 

No.  38-62.— A  syenite  granite  in  which  hornblende  takes  the  place  of  mica. 
Sp.  Q.  2*54.    From  Jessai  hill  west  of  Balmir. 

Viewed  macroscopically,  this  is  a  pinkish- white,  fine-grained  rock,  abundantly 
sprinkled  with  very  minute  prisms  of  hornblende. 

M. — Under  the  microscope  the  quartz  and  felspar  are  seen  to  be  in  about 
equal  proportions.  The  felspar  is  much  clouded,  and  its  pink  colour  appears  to 
be  due  to  the  dissemination  of  a  brownish-red  oxide  of  iron. 

In  the  quartz,  gas  inclusions  and  liquid  cavities  with  moving  bubbles  are 
extremely  numerous  and  vary  much  in  size.  Some  are  very  minute;  others 
again  are  visible  with  a  magnifying  power  of  one  hundred  diameters.  I  have  never 
seen  a  rock  in  which  Uquid  cavities  were  more  abundant. 

Blade-like  microliths  of  hornblende,  blue  in  transmitted  light,  are  rather 
plentiful  in  the  rock  and  are  to  be  found  in  both  the  felspar  and  the  quartz.  The 
laiger  prisms  of  amphibole  vary,  in  transmitted  light,  from  a  vandyke-brown  to 
a  clear  blue,  in  a  way  that  is  highly  suggestive  of  tourmaline,  but  its  optical 
properties  are  not  those  of  the  latter  mineral.  The  blue  hornblende  is  probably 
glancophane  or  an  allied  variety.  Much  of  the  hornblende  is  very  opaque  even 
in  yeiy  thin  slices.  Sections  of  rather  irregular  six-sided  prisms  are  visible,  but 
the  cross  cleavage  is  obscure  and  all  the  prisms  seem  to  be  made  up  of  bundles  of 
microliths  which  give  it,  here  and  there,  frayed  ends  and  a  somewhat  fibrous 
Btmcture.  It  is  powerfully  dichroic,  but  it  does  not  polarize  in  brilliant  colours. 
In  reflected  light  the  hornblende  is  black,  or  blue-black,  and  its  hardness  is  such 
as  to  prevent  the  possibility  of  its  being  mistaken  for  biotite. 

•  The  microscope  shows  that  this  rock  is  of  plutonic  origin ;  that  is  to  say,  it 
must  have  consolidated  at  some  distance  from  the  surface.  In  structure  it  is 
quite  granitic. 

Oeneral  Remarks. 

I  have  already  mentioned  at  the  commencement  of  this  paper  that  I  was 
struck,  on  reading  Dr.  Blanford's  account  of  the  Malani  beds  at  Balmir  and 
Pokran,  with  points  of  resemblance  between  them  and  the  felsites  at  Tushdm  on 
the  northern  borders  of  Bikanir.  This  impression  has  been  confirmed  by  the 
comparison  of  specimens  from  both  localities. 

There  is  nothing  in  their  geographical  position  to  render  the  correlation  of 
the  Malani  and  Tush&m  beds  improbable,  but  rather  the  contrary,  for  it  will  be 
observed  on  a  reference  to  the  geological  map  that  accompanies  the  Manual  of  the 
Geology  of  India,  that  Tush&m  and  the  Malani  outcrops  are  both  to  the  west  of 
the  Arv&li  series  and  at  nearly  the  same  distance  from  it.  The  strike  of  the 
Arv&li  series  is  north-easterly.  A  prolongation  of  the  Balmir-Balotra  outcrop  of 
the  Malani  beds  in  a  north-easterly  direction  takes  us  to  the  Jodhpur-Pokran 
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onicrop  of  these  beds ;  and  a  farther  prolongation  in  a  north-easterly  direction 
wonld  take  us  to  Tnsh&m.  Whether  or  not  the  Malani  beds  show  between  Jodli- 
pur  and  Tnshdm  cannot  be  said,  as  this  line  has  not,  as  jet,  been  explored. 

Thfi  geographical  position  of  Tnsh&m,  therefore,  taken  in  connection  with  the 
north-easterlj  trend  (N.E.-by-N.)  of  the  Arvili  range,  and  the  north-easterly 
outcrop  of  the  Arv&li  series,  rather  favonrs,  than  otherwise,  the  supposition  that 
the  Malani  and  Tnshdm  beds  belong  to  the  same  series. 

The  strike  of  the  TushAm  rocks  varies  from  N.  11°  B.  to  N.N.B.,  whilst 
that  of  the  Balmir  beds^  is  N.W.  At  Balmir,  the  dip  is  only  20°  to  25°;  whOst 
at  Tnsh^m  it  is  vertical.  I  do  not  think,  however,  these  facts  are  fatal  io  the 
hypothesis  of  correlation,  for  they  might  indicate,  not  that  the  Malani  beds  are 
nnconf ormable  to  those  of  TnshAm  and  are  of  different  geological  age  ;  bnt  tliat 
the  beds  at  Tnsham  were  more  disturbed  than  those  from  250  to  350  miles 
further  south. 

The  points  of  resemblance  between  the  Tush&m  felsites  and  those  of  ihe  Mal- 
ani series  are  not  inconsiderable.  It  is  true  that  most  of  the  Malani  beds  are  por- 
phyritic,  or  at  any  rate  the  presence  of  porphyritic  crystals  of  felspar  is  very 
characteristic  of  them  as  a  whole  ;  whilst,  on  the  other  hand,  if  we  except  the 
quartz-porphyry  which  is  intrusive  in  the  others,  the  Tushdm  rocks  are  not 
porphyritic  to  the  naked  eye  ;  but  as  there  is  no  great  thickness  of  the  felsites 
exposed  at  TusUm,  this  objection  is  not  a  fatal  one,  for  it  is  open  to  us  to  sup- 
pose, either  that  the  felsites  are  meagrely  represented  at  Tushim,  or  that  they 
lost  in  this  locality  one  of  the  characteristics  impressed  on  them  further  south. 
However  this  may  be,  it  seems  worthy  of  note  that  out  of  five  specimens  of  the 
Malani  series  sent  to  me,  one,  namely.  No.  41 — 62  (see  arUe)^  is  macroscopically 
almost  indistinguishable  from  No.  22  of  my  Arvali  paper.'  They  differ  only  in 
slight  shades  of  colour — a  perfectly  immaterial  point.  They  are  both  dark  grey, 
flinty-looking,  compact,  felsites  with  minute  blebs  of  quarts  dotted  over  them  asd 
visible  to  the  naked  eye.  In  specific  gravity,  also,  there  is  no  material  difference 
between  them,  the  Tush&m  rock  being  2*63,  and  the  Malani  specimen  2'62. 

Under  the  microscope,  the  resemblance  between  the  two  rocks  is  also  ooosi- 
derable.  The  base  in  both  is  similar,  and  contains  flocculent  green  material  and 
porphyritic  crystals  of  quartz  and  felspar.  No  liquid  cavities  were  detected  in 
the  quartz  of  the  Tushdm  specimen,  but  one  of  the  quartz  crystals  of  Malani,  No. 
41—62,  contains  a  few. 

Felsites  appear  to  occur  associated  in  intimate  connection  with  plutonie  rocks 
and  also  as  true  lava  flows.'  There  is  no  doubt  about  the  character  of  the  Mal- 
ani rocks,  for  beds  of  **  unmistakable  volcanic  ash  ''  were  found  associated  with 
them  ;^  but  the  question  arises  whether  the  felsite  beds  of  Tushdm  are  also  vol- 
canic. They  occur  on  the  west  side  of  the  hill  of  Tushim  and  they  appear  to 
be  conformable  in  the  direction  of  their  strike  to  the  sedimentary  beds  on  ihe  east 
side  of  the  hill.  Both  the  Malani  felsites  described  in  the  preceding  pages  uxd 
those  of  Tush&m  exhibit  fluxion  structure  (see  my  description  xd  the  Tashftm 
felsites,  Reioords  XVI,  pp.  108—110,     Nos.  16,  18,  and  22),  and  this  struotiiie  i 

'  tec.  Geol.  Suit.,  X.  U.  «  Rec.  Geol.  8urr.,  XVII,  108. 
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characteristio  of  lavaa,  and  a&ords,  in  a  rock  of  this  class,  a  primA-facie  indica* 
tion  that  the  rock  displaying  it  flowed  forth  from  the  earth's  cmst  as  a  lava. 

The  syenite-granite  of  Balmir  (No.  38 — 62)  has  a  much  more  platonic  aspect. 
This  rock  is  probably  alluded  to  at  page  17,  Vol.  X  of  the  Records  G.  S.,  and  the 
rock  thwe  deseribed  is  said  to  occur  *'  intercalated  in  large  masses  "  [the  italics 
are  mine]  **  with  the  porphyritic  felsites,"  At  Tush^  and  in  its  neighbour- 
hood granitoid  rooks  also  occur  which  are  not  true  granites,  but  are  granite  por- 
phyries*  The  association  of  granitoid  rocks  in  both  localities,  namely,  with  the 
Tush&m  as  well  as  with  the  Malani  felsites,  is  noticeable,  and  forms  one  of  the 
connecting  links  between  the  two.  In  both  cases,  possibly,  the  granitoid  rocks 
may  be  directly  connected  with  the  lava  flows  and  represent  the  roots,  or  deep 
seated  portions,  of  iiiese  ancient  volcanoes. 

Without  asserting  positively  the  correlation  of  die  Tush^  felsites  and  the 
Malani  beds,  I  think  it  w^rth  while  to  suggest  that  future  observations  in  the 
field  may  possibly  establish  the  connection  between  them. 

Dr.  Blanford  remarked  that  "  the  Malani  rocks  must  be  very  ancient,  but  no 
idea  can  be  formed  of  their  geological  position,  as  they  are  no  where  associated 
with  rocks  of  known  age  except  when  underlying  beds  of  comparatively  recent 
date."  This  remark  applies  also  to  the  Tush&m  rocks.  They  occur  in  an  isolated 
hill  piercing  the  sandy  soil,  the  granite-porphyry  also  jappearing  as  isolated  hills* 
the  whole  group  being  many  miles  distant  from  beds  of  known  Arvali  age.  A 
connecting  link  between  the  Malani  and  Tasham  rocks  may  hereafter  be  obtained 
when  the  age  of  the  sedimentary  beds  on  the  east  flank  of  Tush&m  is  ascertained. 
I  have  seen  nothing  similar  to  these  beds  in  the  limited  area  of  the  Arvali  rocks 
which  I  have  had  an  opportunity  of  studying  in  the  field. 


Memorandtmi  on  the  Malanjkhandi  copper  ore,  m  the  Balaghat  District^  Oentral 
Provinces,  by  William  Kino,  B.A.,  D.Sc,  Superintendent,  Oeological  Survey 
of  India, 

Malanjkhandi  appears  to  be  the  name  of  the  low  hill  ridge,  in  the  southern 
part  of  the  middle  saddle  of  which  3  or  4  quarries  and  a  pit  (about  30  feet  deep, 
with  two  shafts  close  together  and  in  communication  near  the  bottom)  have  been 
excavated  for  ore.  The  quarries  are  now  filled  in  with  debris  of  the  excavated 
rock  in  which  faint  traces  of  green  carbonate  of  copper  are  recognizable.  The 
pit  is  clean  to  the  bottom  where  there  is  a  little  debris.  These  old  diggings  were 
brought  to  our  notice  in  1882  by  Colonel  Bioomfield,  Deputy  Conunissioner  of 
Balaghat. 

I  could  not  find  any  indications  of  a  lode  in  the  pit,  only  faint  and  rare  traces 
of  green  carbonate  as  small  strings  and  coatings  in  or  on  the  rocky  sides.  A 
lode  may  have  been  worked  out  in  these  excavations  :  for  it  is  hard  to  conceive 
how  such  deep  working  could  have  been  pursued  in  the  intractable  rock  wiUiout  the 

«  Geikie'e  Text  Book  of  Geology,  p.  136. 
*  Rcc.  Geol.  Sorv.,  X,  p.  17.    Manual  of  the  Geology  of  Indin,  p.  53. 
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incentive  of  tliicker  strings,  or  a  lode  ;  ekoept  on  the  view  of  forced  labour  under 
a  tyrannical  demand  for  copper  ore  at  any  cost.  (I  liave  formed  a  strong  notios 
tliat  the  old  and  very  extensive  workings  for  lead  in  Knmool  and  for  gold  in 
Wainad  were  to  some  extent  the  result  of  such  demands.) 

The  quarries  are  tolerably  large  excavations;  and  they  and  the  pit  were 
worked  along  and  down  what  might  be  considered  the  strike  and  dip  of  the  rock. 
Other  parts  of  the  ridge,  towards  its  northern  end,  have  also  been  quarried  thongb 
not  to  any  extent. 

I  oonld  not  see  any  other  ore  than  that  of  the  green  carbonate. 

The  vein  stuff  or  matrix  is  part  and  parcel  of  the  rocks  composing  tli«  entire 
ridge ;  namely,  a  varying  form  of  granular  crystalline,  or  compact  massiye, 
generally  white,  though  often  brown  or  red«tinged  from  ferruginous  stadiiiiig, 
quartz-rock,  having  an  indistinct  bed-like  arrangement  (striking  N.N.E.— 
S.S.W.,  and  vertical  or  with  a  high  westerly  dip  where  the  excavations  b&Te 
been  made).  The  ridge  indeed  goes  with  this  apparent  bed-strike  which  however 
trends  round  nearly  N.W. — S.E,  at  its  northern  end,  and  it  is  as  far  as  I 
could  see,  completely  isolated  by  covering  superficial  deposit  from  the  massiTe 
granitoid  and  homblendic  (?  greenstones)  crystallines  of  the  adjacent  low  conntrj. 

The  country  around,  particularly  to  eastward,  is  seamed  with  less  marked  out- 
crops of  like  quartz-rocky  some  of  which  are  however  associated  with  clay-slate 
and  altered  sandstones. 

There  is  no  reliable  history  of  the  workings  or  the  period  of  their  desertioB. 


ADDITIONS  TO  THE  MUSEUM. 
Fbom  IsT  April  to  SOth  Juki  1886. 
Some  impure  gi'aphite  from  Bettah  village,  Palamow. 

Pbssbntbd  bt  Mb.  F.  6.  MursoF. 

Fossil  Wood  (P)  (mainly  carbonate  of  iron,  carbonate  of  lime,  and  carbonaceons  matter),  bm 

the  Sanatoria  mine,  Riniganj  coal-field*  Pbbsbvtbd  bt  Mb.  I.  J.  Wbhtt. 

Galena,  from  Misronl,  Tendwa,  Hazaribagb.  rBBSBNTBD  bt  Ms.  W.  Camfbbu. 

Beanxite(P),  occurs  "in  veins  underneath  the  coal  strata,"  from  Chitteedand,  Salt  Baog«> 
Panjab.  Pbbsbktbd  bt  Db.  H.  Wabth. 

Specimens  of  plagionite  with  qnartz,  from  Wolfsherg,  Harz;  plasma  mixed  with  'sardoine'; 
cacholong  from  decomposed  serpentine,  from  Baldissero  near  Irrea,  Piedmont ;  mioo- 
oline  broadly  interbanded  with  albite  (2i  larges  handes  d'alhite),  from  Department  de  I'Ain, 
France;  microcline  (amazon-stone),  from  Miask,  Ilmen  moon  tains,  Orenbarg,  Bvssis; 
and  microcline,  from  Bergen,  Norway. 

Pbbsbntbd  ST  TEB  MusBUM  d'Histoibb  Natvbbllb,  Pabk. 
A  sample  of  petroleum  from  the  Ehatan  oil-wells,  Sibi,  Baluchistan. 

Pbbsbktbd  bt  Mb.  W.  A.  Fbisib* 

Some  copperas  from  a  drift  near  Pid  Bungalow.  Pbbsbbtbi)  bt  Db.  H.  Wabth. 

A  log  of  fossil  wood  from  the  Sanotoria  colliery,  Baniganj  field,  in  the  16'  seam,  270*  fron 

the  aiirface.  Pbbsbktbd  bt  Mb.  I.  J.  Whutt. 
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A  block  of  porphyry  from  the  'Olive '  boulder  bed  of  the  Salt  Range,  having  seven  glaciated 
surfaces.  Pbesbbtted  bt  Db.  H.  WaBth. 

A  collection  of  fossils,  rocks,  Ac,  from  the  nummolitio  strata  aboat  the  petroleam  wells  at 
Ehatan,  40  miles  east  of  Sibi,  Baluchistan.  Pbbsbvtbd  bt  Mb.  R.  A.  Towksbkd. 
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A  key  to  Professor  H.  H.  Wilson's  system  of  transliteration.    8^  Pam.  Calcutta.    No  date. 

H.  B.  Mbdlicott. 

An  Act  to  make  better  provision  for  the  regulation  of  Coal  Mines  and  Collieries,  11th  May 

1876.    8''Pftm.    Sydney,  1884. 

Ah8TBI>,  David  21— Elementary  course  of  Geology,  Mineralogy,  and  Physical  Geography. 

2nd  edition.    8^  London,  1866.  H.  B.  Mbducott. 

Ashbubkbb,  CharUi  A. — ^The  geology  of  natural  gas  in  Pennsylvania  and  New  York. 

S""  Pam.  Philadelphia,  1885.  Thb  Adthob. 

„  The  products  and  exhaustion  of  the  oil  regions  of  Pennsyl- 

vania and  New  York.    8°  Pam.    Philadelphia,  1885. 

Thb  Authob. 
Balfovb,  Edward, — QyclopsBdia  of  India  and  of  Eastern  and  Southern  Asia,  commercial, 

industrial,  and  sdentific ;  products  of  the  mineral,  vegetable,  and  animal 
kingdoms,  useful  arts  and  manufactures,  drd  edition.  3  "Vols.  8**  Lon- 
don, 1885. 

Babbavdb,  Joaehim. — Ddfense  des  Colonies.    V.    8^  Prague,  1881. 

H.  B.  Mbducott. 
Babus,  Carlf  and  STBOUHiL,  Vincent. — ^The  electrical  and  magnetic  properties  of  the 

Iron-Carburets.    8^  Washington,  1885.  H.  B.  Mbducott. 

■ 

Bbckbb,  George  F, — ^The  relations  of  the  mineral  belts  of  the  Pacific  Slope  to  the  great 

upheavals.    8^  Pam.    New  Haven,  1884.         H.  B.  Mbdlicott. 
„  Notes  on  the  stratigraphy  of   California.    8°  Ftoi.    Washington, 

1885.  H.  B.  Mbducott. 
„                 Cretaceous  metamorphic  rooks  of  Califomia.    8^  Pam.    New  Haven, 

1886.  H.  B.  Mbdlicott. 

BiHKBT,  WUliam  Q. — ^The  terrestrial  air-breathing  Mollusks  of  the  United  States  and  the 

adjacent  territories  of  North  America.    8^  Cambridge,  1878. 

H.  B.  Mbducott. 
Blakyobd,  Renr^  JFl— The  Indian  Monsoon  Bains.    8°  Pam.    Allahabad.    No  date. 

H.  B.  Mbdlicott. 
„  Instructions  for  meteorological  observers  in  Bengal,  for  the  use  of 

observers  reporting  to  the  Meteorological  0£Bce,  Calcutta.     8^ 
Calcutta,  1868.  H.  B.  Mbducott. 

„  On  the  origin  of  a  Cyclone.    8*  Pam.    London,  1869. 

H.  B.  Mbdlicott. 
„  On   certain  protracted  irregularities  of   atmospheric  pressure   in 

Bengal  in  relation  to  the  monsoon  rainfall  of  1868  and  1869. 
8°  Pam.    Calcutta,  1870.  H.  B.  Mbducott. 
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Blanfobd,  Menrjf  JFl— The  winds  of  Northern  India  in  relation  to  the  temperature  aod 

Yspour-constitaent  of  the  atmosphere.    4!*  London,  1874. 

H.  B.  Mkdlicott. 
f f  On  some  recent  eridence  of  the  variation  of  the  sun's  heat.   8^  Fam. 

Calcutta,  1876.  H,  B.  Mbdlicott. 

>»  On  the  diurnal  variation  of  rainfiiU  frequency  at  Calcutta.    8"  Fam. 

Calcutta,  1879.  H.  B.  Medlicott. 

f>  On  the  high  atmospheric  pressure  of  1876-78  in  Asia  and  Australia, 

in  relation  to  the  sun-spot  cycle.    8^  Pam.    Calcutta,  1880. 

H.  B.  llBDLicon. 
„  On  the  connexion  of  the  Himalaya  snowfall  with  diy  winds  and 

seasons  of  drought  in  India.    8°  Pam.    London,  1884. 

H.  B.  Hbdlicott. 
„  The  theory  of  the  winter  nuns  of  Northern  India.    8°  Pam.   Cal- 

cutta, 1884.  H.  B.  Hbdlicott. 

Blanfobd,  William  Thomas, — On  the  nature  and  probable  origin  of  the  superficial  deposits 

in  the  valleys  and  deserts  of  Central  Persia.    8°  FUn. 

London,  1873.  H.  B.  Mbducott. 

„  Account  of  some  specimens  of  flintoores  and  flakes  from 

Sakhar  and  Rohri  on  the  Indus,  Sind.   8^  Pam.  Calcatta, 

1875.  H.  B.  Mbpucott. 

n  A  monograph  of  the  genus  Pi^adoxurus,  F.  Cut.    8°  Fam. 

London,  188(».  Thb  Acthob. 

n  Remarks  on  » skull  of  Faradoxurus.    8°  Pam.    Londoni 

1885.  Thb  Author. 

Bbonn's  Elassen  und  Ordnungen  das  Thier*Beichs.    Band  V,  Abth.  II,  lief.  16— 17,  and 

Band  YI,  Abth.  H,  lief!  13—16.    8**  Leipzig,  1880. 
BuBTOK,  Bichard  J?*.— The  land  of  Midian  (revisited).    2  vok.    S""  London,  1879. 

B.  D.  Oldhav. 
Call,  JB,  ElUtoorih, — On  the  quaternary  and  recent  moUusca  of  the  Great  Basin,  with 

descriptions  of  new  forms.    Introduced  by  a  sketch^of  the  qnatemaiy  lakes 
Of  the  Great  Basin,  by  G.  E.  Gilbert.    8*"  Washington,  1884. 

H.  B.  Mbdlicott. 
Campbell,  J.  JP.— About  Pokr  Glaciation,  Ac,    8°  Pam.    London,  1874. 

H.  B.  Mbducott. 

„  Glacial  Periods.    8^  Pam.    London,  1879.  H.  B.  Mbdlicott. 

Chahbxxlih,  Thomas  Cftrotctf^.— Preliminaty  paper  on  the  Terminal  Moraine  of  the 

second  glacial  epo^.    fT  Washington,  1883.  H.  B.  Mbdlicott. 

Chofpat,  TauL — De  I'impossibilitd  de  comprendre  le  CaUovien  dans  le  Jurassique  Sap^rieor. 

8^  Pam.    Lisboa,  1884  H.  B.  Mbdlicott. 

ClABKB,  F^  W.,  and  Chatabd,  T.  M, — A  report  of  work  done  in  the  Washinglon  labora* 

tory  during  the  fiscal  year  1883-84.    8*  Pam.    Washington,  1884 

H.  B.  Mbdlicott. 

Clabeb,  William  Branwhite, — Effects  of  forest  vegetation  on  climate.    8°  Pam.    Sydney, 

1876.  H.  B.  Mbdlicott. 

„  Remarks    on  the  sedimentary  formations  of  New  South 

Wales,  illustrated   by   references  to  other  provinces  of 
Australasia.    4th  edition.    8°  Sydney,  1878. 

H.  B.  Mbdlicott. 
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Clbts,  p.  r.---0at1inefl  of  the  geology  of  the  norih-ensteTii  West  India  Islands.     8*"  Pam. 

New  York,  1881,  H.  B.  Mbdlicott. 

CocKBtTBK,  c7&Aii.-^Note8  on  stone  implements  from  the  Khasi  Hills  and  the  Band  a  and 

Yellore  districts.    8*  Pam.    Calontta,  1879.  H.  B.  Mbdlicott. 

CoPB,  Edward  2>.--The  vertebrata  of  the  oretnoeoos  formations  of  the  West.    4!"  Wash- 
ington, 1876.  H.  B.  Mbdlicott. 

Cbookrs,  William. — Select  methods  in  chemical  analysis  (chiefly  inorganic).     2nd  edition. 

8°  London,  1886. 

Cboss,  Whitman. — On  Hypersthene-Andesite  and  on  Tridinic  Pyroxene  in  Angitie  rocks. 

With  a  geological  sketch  of  Bnffalo  Peaks,  Ck>lorado,  by  8.  F.  Emmons. 
8**  Pam.    Washington,  1888.  H.  B.  Mbdlicott. 

Dall,  William  H. — General  conclusions  from  a  preliminary  examination  of  the  MoUosca 

dredged  in  the  Gulf  of  Mexico  in  1877-78  by  the  U.  S.  Coast  Survey 
steamer  *<  ^/aiErtf."    8^  Pam.    Cambridge,  1880.  H.  B.  Mbducott. 

Daka,  Editard  Salisbury. — ^Third  appendix  to  the  6th  edition  of  Dana's  Mineralogy.    8° 

New  York,  1888.  ' 

„  A  crystallographic  sttidy  of  the  Thlnolite  of  Lake  Lahontan. 

8°  Pam.    Washington,  1884.  H.  B.  Mbdlicott. 

Datidbon,  Thomas,  and  Dalton,  W.  H. — Monc^raph  of  the  British  Fossil  Braohiopods. 

Vol.  YI,  conclusion.     (Pal.  Soc.).    4?  London,  1886. 

Dawson,  John  William. — On  the  cretaceous  and  iertiaiy  floras  of  British  Columbia  and  the 

north-west  territory.  4^  Pam.  Montreal,  1882.   Thb  Authob. 

„  On  the  mesoKoic  floras  of  the  Rocky  Mountain  Begion  of  Canada. 

4°  Pam.    Montreal  1886.  Thb  Authob. 

Db  la  Bbchb,  jSS»>  Henry  Z!loffMi«.*-*A  geological  manual.    8°  London,  1831. 

H.  B.  Mbdlicott. 

„  The  geological  observer.    2nd  edition.      8^  London, 

1863.  H.  B.  Mbdlicott. 

Dblaukat,  Charles  Eugkne.-^Ou.  the  hypothesis  of  the  internal  fluidity  of  the  terrestrial 

globe.    8°  Pam.    London,  1868.  H.  B.  Mbdlicott. 

Dblbbsb,  AchUle. — Observations  sur  la  presence  d'eau  de  combinaison  dans  los  roches 

feldspathiques.    8*  Pam.    Paris,  1849.  H.  B.  Mbdlicott. 

»,  M^moire  sur  la  Minette.    8^  Pam.  Paris,  1865.         H.  B.  Mbdlicott. 

„  Sur  les  ^sements  de  chauz  phosphat^e  de  I'Estramadure.    8^  Pam. 

Paris,  1877.  H.  B.  Mbdlicott. 

n  Carte  agronomique  du  d^partement  de  Seine-et-Mame.    8*^  Pam.  Paris, 

1880.  H.  B.  Mbdlicott. 

Dblbbsb,  ^AchUle^  and  Lappabbnt,  Albert  de. — Bevue  de  Geologic  pour  les  ann^s  1876 

etl877.    8'' Paris,  1879.  H.  B.  Mbducott. 

Dbsob,  Ed.'-Dei  Gebirgsbau  der  Alpen,    8''  Wiesbaden,  1866. 

Dupokt,  £douard.^JjeB  iles  coralliennes  de  Boly  et  de  Philippeville.    8^  Bruxelles,  1882. 

H«  B.  Mbduoott. 

Edwabdb,  Benri  lf»^.--Zoologie.    8°  Paris,  1850.  H.  B.  Mbdlicott. 

Elsob,  8.  B. — Hie  currents  and  tides  of  the«  Hooghly  and  its  littoral,  and  how  they  are 

influenced.    8^  Pam.    Calcutta,  1885.  H.  B.  Mbducott. 

Encyclopaedia  Britannica.    9th  edition.    Vol.  XX.    4''  Edinburgh,  1886. 
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Ethbbidob,  BoherU — On  the  analysis  and  distribution  of  the  British  Palseozoie  Fosok.   8^ 
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H.  B.  MBDLicon. 
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H.  B.  Mbducott. 

Gabdrbb,  John  iSStorJtaa.— Monograph  of  the  British  Eocene  Flora.  Vol.  II,  part  8.    (Pal. 

Soc)    4*  London,  1885. 
Gbikib,  Archibald. — Class-book  of  Geology.     (2  copies.)    8^  London,  1886. 
Gilbbbt,  O.  K, — The  Colorado  Plateau  region  considered  as  a  field  for  geological  study. 

8^  Pam.    New  Haven,  1876.  H.  B.  Mbducott. 

Godwik-Austbh,  K,  jET.— Notes  on  geological  features  of  the  country  near  foot  o!  bills 

in  the  western  Bhootan  Dooars.    8  Pam.    Calcutta,  1868. 

H.  B.  Mbducott. 
„  The  evidence  of  past  glacial  action  in  the  Naga  Hills,  Aaaam. 

8* Pam.    Calcutta,  1876.  H.  B.  Mbducott. 

Hattok,  Frank, — ^North^.Bomeo.    Explorations  and  adventures  on   the  equator.   With 

biographical  sketch  and  notes  by  Joseph  Hatton,  and  preface  by  Sir 
Walter  Medhurst.    8°  London,  1886. 
Hauohton,  6<»mK0/.— Experimental  researches  on  the  granites  of  Ireland.    Part  III:  On 

the  granites  of  Donegal.    8°  Pam.    London,  1862. 

H.  B.  Mbducott. 
„  On  the  joint-systems  of  Ireland  and  Cornwall^  and  their  mechanical 

origin.    4*  Pam.    London,  1864.  H.  B.  Mbducott. 
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Hauohtok,  Samuel* — On  the  constitaent  minerals  of  the  granites  of  Scotland,  as  compared 

with  those  of  Donegal.    8°  Pam.    London,  1870. 

H.  B.  Mbdlicott. 
,,  Notes  on  physical  geology.    8**  Pam.    London,  1877. 

H.  B.  Mbdlicott. 
HisLOF»  Stephen, — On  the  tertiary  deposits  associated  with  trap-rock  in  the  East  Indies, 

with  descriptions  of  the  fossil  shells :   and  of  the  fossil  insects,  by 

Andrew  Murray ;  and  a  note  on  the  fossil  Clyprid®,  by  T.  Rapert  Jones. 

8^  Pam.  London,  1860.  H.  B.  Medlicott. 

Hull,  Edward. — ^Palaao-geologtcal  and  geographical  maps  of  the  British  Islands  and  the 

adjoining  parts  of  the  continent  of  Koiope*    4^  Dublin,  1882. 

H.  B.  Mbdlicott. 
HussAV,  Eugen, — The  determination  of  rock-forming  minerals.    Translated  from  the  first 

german  edition  by  Erastns  G.  Smith.    8°  New  York,  1886. 
Indian  and  Ck)lonial  Exhibition,  London,  1886.    New  Zealand  Court.    Detailed  catalogue 

and  guide  to  the  geological  exhibits.    By  James  Hector.    8^  Wellington, 
1886.  Gboloqical  Subybt  of  Nbw  Zbalakd. 

Ibyikg,  Itoland  2>. — Preliminary  paper  on  an  investigation  of  the  Archaean  formations  of 

the  north-western  states.    8^  Washington,  1885.  Thb  Authob. 

Ibyiko,  Boland  D.,  and  Van  Hisb,  C,  M, — On  secondary  enlargements  of  mineral  frag- 
ments in  certain  rocks.    8°  Washington,  1884. 

H.  B.  Mbdlicott. 
Jbitsinb,  H,  Jf.— On  some  tertiary  mollusea  from  Mount  Sela,  in  the  island  of  Java.    With 

a  description  of  a  new  coral  from  the  same  locality,  and  a  note  on  the 
Scindian  fossil  corals,  by  P.  Martin  Duncan.    8*  Pam.    London,  1864. 

H.  B.  Mbdlicott. 
JoHKSTOivB,  J.^Captain  Welsh's  expedition  to  Assam  in  1792,  1793,  and  1794    8"  Pam. 

Calcutta,  1877.  H.  B.  Mbdlicott. 

JiTDD,  John  Wesley»^On  the  methods  which  haye  been  devised  for  the  rapid  determination 

of  the  specific  gravity  of  minerals  and  rocks.    8°  Pam.    London. 
No  date.  H.  B.  Mbducott. 

,«  On  the  relations  of  the  Eocene  and  Oligocene  strata  in  the  Hamp- 

shire Basin.    8°  Pam.   London,  1882.  H.  B.  Mbdlicott. 

„  On  the  relation  of  the  reptiliferous  sandstone  of  Elgin  to  the  Upper 

Old  Bed  Sandstone.   8°  Pam.  London,  1886.    H.  B.  Mbdlicott. 

„  On  the  tertiary  and  older  Peridotites  of  Scotland.   8°  London,  1886. 

H.  B.  Mbdlicott. 
y,  On  the  Gabbros,  Dolerites,  and  Basalts  of  tertiary  age  in  Scotland 

and  Ireland.    8°  Pam.  London,  1886.  H.  B.  Mbdlicott. 

„  Beport  on  a  series  of  specimens  of  the  deposits  of  the  Nile  Delta, 

obtained  by  the  recent  boring  operations.    SP  Pam.  London,  1886. 

H.  B«  Mbdlicott. 
JuDD,  John  Wesley,  and  Colb,  Orenville  A.  tTI— On  the  Basalt-glass  (Tachylyte)  of  the 

Western  Isles  of  Scotland.     8"*  Pam.    London,  1888. 

H.  B.  Mbdlicott. 

JUKBS,  Joseph  Beete,  and  Hauqhtok,  Samuel, — On  the  lower  palssozoic  rocks  of  the 

south-east  of  Ireland,  and  their  associated  igneous  rocks.     4°  Dublin, 
1859.  H.  B.  Mbdlicott. 
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Ethbridob,  Boberi, — On  the  analyds  and  distribution  of  the  Britf^' 


London,  1881. 


Sf  On  the  analysis  and  distribntion  of  thf  #  / 

London,  1882.  ff  g 

YnvtumTMit,  OUohar. — On  soine  fossil  plants  from  the  7    tw         '^  a 

field,  collected  by  Mr.  J.  F/    ^/  m. 

n  Notes  on  the  fossil  flora  of/   /     f^  <os* 

Sydney,  1880.  ,7   i     ii  f  iont-  ' 

FisHBB,  OnnoJK^. —On  the  formation  of  moun'^y/    Vx      ^  •;  '^** 

8*  Pam.  London,  187^  -/^ '  /     /  ^  "  ^JmA 

„  On  the  possibility  of    //iV     '       '  ^  ^  Acthoj. 

surface ;  being  9  /  \  '  *       ^  ..estiicbcn  und  wwt- 

•  f*  *  f  ^4t6ingen»  1886. 

FoHTAiKB,  WUliam  Jform.—Con' .  '\'  /  '  Thb  AuTflO*- 

of  Virginia.    //'  ^  Arizona.  8*  Pam.  New  HaTen,l88&- 

FooTB,  Boberi  Bruee.^On  th'  /  Thb  Aw^^^' 

Pam.     Lo- ,  ^jjjjy.g  Qj^jj^  Wayne  County,  West  Virginii.  8^ 

F0BBB8,  Damd.-^The  etn'  .aven,  1886.  Thb  Atjthob, 

^^  .ig^bre,  a  Tusage  de  T^le  centrale  des  quatre  nationi.  ^ 

If  On  t'  8«  Paris,  1836.  H.  B.  MBDiicxyw. 

gpjfi,  Frank  W, — ^Physical  observations  during  the  Lady  Fnnlclui 
Galbbaith,  Josef  ^  /'^edition  of  1883.    8"  Washington,  1884  Hohb  Dot. 

^Uatersuchungen    iiber    die    Entstehung   der  AltkrystalHuscben 
G AVITBTT.  He*     /^'^[^ieigesteine  mit  besonderer  bezugnahme  auf  das  Sachsische  Granoli^ 
^0*-^*     ^jge  Srzgebirge,  Fichtelgebirge  und  Bairisch-Bohnusche  Ghpenzgebiig^* 
iritii  atlas  of  plates.    4'' Bonn,  1884. 
#^— Contributions  to  the  Fossil  Flora  of  the  western  territories.    Part  I^* 
^^  The  Tertiary  Flora.    4*  Washington,  1878.         H.  B.  MbducoTI. 

Gab*       ^  Report  on  the  fossil  plants  of  the  auriferous  gravel  deposits  of  ^ 

*  Sierra  Nevada.    4**  Cambridge,  1878.  H.  B.  Mbdijco^' 

G  Qnitaf. — Silurische  korallen    aus  'Nord-Uussland    und   Sibirien.    8"    PalQ* 

^ftfi^  Stockholm,  1882.  H.  B.  Mbducoxj 

r^^tfty.— Ueber  die  eruption  des  Krakatau  im  Jahre  1883.    8**  Pam.    Bodape^i 
IfiCt^'  1884.  H.  B.  Meduoot^* 

^^  i?icAar<^.— Note  on  the  generic  identity  of  the  genus  Esthonyz,  Cope,  ^o^ 
lA^  PlatychflBTops,    Charlesworth     (-Miolophus,    Owen).      8**    pg^j 

London,  1885.  Thb  AuTfioK* 

M  Notes  on  the  zoological  position  of  the  genus  Microchsems,  Wood 

and  its  apparent  identity  with  Hj'opsodus,  Leidy.    8°  Pam.  Loq.' 
don,  1886.  Thb  Author. 

»  On  the  occurrence    of    the  crocodilian  genus  Tomistoma  in  the 

iUiocene  of  the  Maltese  Islands.    8^  Pam.    London,  1886. 

Thb  Authob. 
yftJXti  Charles, — Manual  of  elementary  geolc^ :  or  the  ancient  changes  of  the  earth  and 

inhabitants  as  illustrated  by  geological  monuments.    4th  edition.     ' 

London,  1862.  H.  B.  Mbducot!. 
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^.  ^hioridtt  and  Astrophytidte  of  Uie  exploring  voyage  of  H.  M.  6. 

^  '^nger."    Parte  1-2.    8*  Cambridge.  1878  and  i879. 

^  H.  B.  MSDLIGOIT. 

%               "^^  'if  irott  and  steel  slapfi :  an  ezplanattoii  of  the  yarioos  waya 

^  '^               ^  S  the  compass.    8°  Washbgton,  1884. 

*^'*^  HOUI    DSFASTKUTT. 

^   <%  ^b.    a^Pam.    LondoD,  1886. 

^          '^T^  H-  ^-  Mbdlicott. 

'  ^        ^^  *ft  *  Australian  fishes.   2  Vols,  and  sapplement. 

%.            ^  ^L^  LtNNJBAN  80OIBTT  OF  N.  8.  WaLBS. 


Ik 


V     ^^    "^        ^'»    •^  "^                                     ^onese.    8*  London,  1876. 

;  "^^/V         ^        ^%  ^'  ^'  Oldham. 

>,  ^"-^^^          "j^  "^a^^y  oflfecte  of  the  earthquake  of  10th 

'    "-^  ^^  ^.  ^r,  communicated  by  Dr.  Oldham,  Calcutta. 

'.  •>*'>  ^^  ,1872.                                      H.  B,  Mbdlicott. 

'n^  -**  .e  temperature  of  the  Primordial  Ocean  of  our  globe.    8° 

^  .jondon,  1880.  H.  B.  Mbdlicott. 

^abcou,  John  JBelknap. — Catalogue  of  geological  maps  of  America 

i^north  and  south),  1752— *1881,  in  geographic  and  chronologic  order.    8° 

Washington,  1884.  H.  B.  Medlicott. 

^,  Othniel  Charles, — ^IntroduAtion  and  sncoession  <^  vartebrate  life  in  America.    8° 

New  Haven,  1877.  H.  B.  Mbducott. 

Masksitnb,  Nevil  ^Sl^or^.— Notices  of  A^volites.    8"  Pam«   London,  1868. 

H.  B.  Mbdlicott. 
MEDLicofTT,  Henry  Benedict. — Artesian  borings  in  India.    8*  Pam.    Calcutta,  1881. 

Thb  Auteob. 
„  Further  considerations  upon  artesian  sources  in  the  plains 

of  Upper  India,    8^  Pam.    Calcutta,  1886. 

The  Authob. 
Mbbk,  F,  B, — ^A  report  en  the  Invertebrate  Cretaceous  and  Tertiary  Fossils  of  the  Upper 

Missouri  country.    4^  Washington,  1876.  H.  B.  Mbdlicott. 

Mbbk,  F.  B^  Hall,   James^  and    Whitfibld,   JS.    P. — ^American  Palaeontology.     4'' 

Washington,  1877.  H.  B.  Mbdlicott. 

Mbldola,  Baphael,  and  White,  William, — Report  on  the  East  Anglian  earthquake  of  April 

22nd,  1884.    8°  London,  1885. 

MiLNB,  John, — Earthquakes  and  other  earth  movemenU.    8°  London,  1886. 

MoxBiBOYics,  JSdmund  von.— Arktische  Triasfaunen.    8"*  Pam.    Wien,  1886. 

Thb  Authob. 

M0JSI8OYIO8,  Edmund  von,  and  Nbuuayb,  Melchior, — Beitrage  zur  Palaontologie  Oster- 

reich-Ungams  und  des  Orients.    Band  IV,    heft  3 — 4,  and  V,  heft  2. 

4**  Wien,  1886. 
H0J8IBOVIC8,  Edmund  von,  Tibtzb,  Emil,  and  BittKbb,  A. — Qrundlinien  der  Geologic 

▼on  Bosnien-Hercegovina.    8^  Wien,  1880.  H.  B.  Mbdlicott. 

Mubilbb,  Ferdinand  von. — Observations  on  new  vegetable  fossils  of  the  Auriferous  Drifls. 

8°  Pam.    Melbourne,  1883.  H.  B.  Mbdlicott. 

Nssbit,  Z>.  If.-^Tide  marshes  of  the  United  States.    8''  Washington,  1886. 

HoKB  Dbpabthbbt. 
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JuLiBN,  Alexis  ^.— On  tbe  fissure-iacliuioDs  m  the  fibnditk  gneiss  of  New  BocheUe,  N.  Y. 

8°  Pam.  New  York.  1879.  H.  B.  Meducott. 

«9  On  apodumene  and  its  alterations  from  the  granite  veins  of  Hampghiie 

Co,,  Mass.    8'    Pam.  New  YoA,  1879.  H.  B.  Mbducoit. 

KiNGSMiLL,  TkoTMs  TT.—- The  flagstones  and  conglomerates  of  Ning-kong  Jow  in  norAera 

Chehkiang.    8°  Pam.    ,  1886-  The  Authoi. 

KoENmr,  A,  w«.— Die  Oriaoiden  dee  norddeutechen  Ober-Devons.  S°  Fam.  Stuttgart,  1886. 

The  Avthoi. 

>»  Ueber  clymenienkalk  nnd  Mitteldevon  reap.  Hercjnkalk  P  bei  Mont- 

pellier.    8°  Pam.  Stuttgart,  1886.  The  Aothob. 

»,  Ueber  das  verbalten  von  dislokationen  ;im  nordwestlichen  Dentflchla&d. 

8"*  Pam.    Berlin,  1886.  The  Authob. 

ti  Ueber  die  stgrungen,  welche  den  Oebirgsban  im  nordwesilicben  und  west- 

lichen  Deutschland  bedingen.    8^  Pam.  Gottingen,  1886. 

The  Authob. 

Knirz,  Qeorge  i^.— On  remarkable  copper  minerals  from  Arizona.  8"  Pam.  NewHaren,  1885. 

The  Authob. 

II  Meteorio   iron  from  Jenny's  Greek,  Wayne  Connty,  West  Virginia.  8° 

Pam.    New  Haven,  1686.  The  Authob. 

Lacboix,  8.  ^.— l^ldmens  de  Algtfbre,  a  I'usage  de  I'^le  oentrale  des  qnatre  nations.  6"* 

Edition.    8®  Paris,  1836.  H.  B.  Medlioott. 

Lamab,  W.  H.,  and  Ellis,  Frank  IT.— Physical  observations  during  the  Lady  Franklin 

Bay  Expedition  of  1883.    8°  Washington,  1884.  Home  Deft. 

Lehuann,    «7bA<Mi«tf*.— Untersuchungcn    iiber    die    Entatehung   der  Altkrystallinischen 

Schiefergeateine  mit  beaonderer  bezugnahme  aof  das  Sachaische  Grandicge- 
birge  Erzgebirge,  Fiohtelgebirge  und  Bairisch-Bohmische  Ghrenzgelorge. 
With  atlas  of  plates.    4!"  Bonn,  1884. 
Lbbqxtbbbux,  Xco.— Contributions  to  the  Fossil  Flora  of  the  western  territories.    Part  H. 

The  Tertiary  Flora.    4**  Washington,  1878.         H.  B.  Meducott. 
99  Beport  on  the  fossil  plants  of  the  auriferous  g^vel  deposits  of  the 

Sierra  Nevada.    4**  Cambridge,  1878.  H.  B.  Meducott. 

LiNDSTBOM,  GWto/.— Silurische  koi-allen    aus  'Nord-Uusaland    nnd    Sibirien.    8"   Pam. 

Stockholm,  1882.  H.  B.  Meducott. 

LoczY,  Ztt(/w/5r.— Ueber  die  eruption  des  Krakatau  im  Jahre  1883.    8**  Pam.    Budapest, 

1884.  H.  B.  Meducott. 

Lydeekbb,  jBicAarrf.— Note  on  the  generic  identity  of  the  genus  Eathonyx,  Cope,  with 

Platychaerops,    Charlesworth     (-Miolophus,    Owen).      8*    Pam. 
London,  1885.  The  Authob. 

M  Notes  on  the  zoological  position  of  the  genus  Microchserus,  Wood, 

and  its  apparent  identity  with  Hyopsodus,  Leidy.    8®  Pam.  Lon- 
don, 1886.  Thb  Authob. 

f>  On  the  occurrence   of    the  crocodilian  genus  Tomistoma  in  the 

Miocene  of  the  Maltese  Islands.    8"*  Pam.    London,  1886. 

The  Authob. 
Ltbll,  Charles. — Mannal  of  elementary  geology :  or  the  ancient  changes  of  the  earth  and 

inhabitants  as  illnvirated  by  geological  monuments.    4th  edition. 
London,  1852.  H.  B.  Mbducoit. 


PABT  S.]  AddUio»$  to  the  Librafy.  173 

TiUe8  qf  Books.  Donors. 

JjYUAXt  J^fkeodors. — Opkiarid»  and  ABtropbytidte  of  Uie  exploring  voyage  of  H.  M.  6. 

"Challenger."    ParUl.2.    8"*  Cambridge^  1878  and  1879. 

H.  B.  MSDLICOTT. 

Ltoks,  T.  a. — The  laiagnetism  of  iron  aad  steel  slnpe :  an  ezplanattoii  of  the  yarioua  waya 

in  which  it  afEects  the  compass.    8°  Washington,  1884. 

HOUB    DSFASTMUTT. 

Maclaoak,  JS.-^The  riven  of  the  Punjabi    8!^  Pam.    London,  1886. 

H.  B.  Mbdlicott. 

Maolbat,  JfilUam. — Descriptive  oatalogae  of  Australian  fishes^  2  Vols  •  and  supplement. 

8"*  Sydney,  1881-1884.  Linnjban  Socibtt  of  N.  S.  Walbs. 

HoMahok,  a.  R. — ^The  Karens  of  ttie  Qolden  Chersonese.    8^  London,  1876. 

B.  D.  Oldhav. 

Mallbx,  Robert. — ^Notice  of  some  of  the  secondary  effects  of  the  earthquake  of  10th 

January  1869,  in  Cachar,  communicated  by  Dr.  Oldbam,  Calcutta. 
8°  Pam.    London,  1872.  H.  B.  Mbdlicott. 

„  On  the  probable  temperature  of  the  Primordial  Ocean  of  our  globe.    8° 

Pam.  London,  1880.  H.  B.  Mbdlicoce. 

Mabcou,  Jules,  and  Mabcou,  John  Belknap. — Catalogue  of  geological  maps  of  America 

(north  and  south),  1752^*1881,  in  geographic  and  chronologic  order.    8° 

Washington,  1884.  H.  B.  Medlicott. 

Mabsh,  Otkniel  Charles. — ^IntrodueUon  abd  succession  of  vertebrate  life  in  America.    8° 

New  Haven,  1877.  H.  B.  MBDLicoTr. 

Maskbitnb,  NevU  Stoty.^JSfoiAoeH  of  Advolites.    8°  Pam«   London,  1868. 

H.  B.  Mbdlicott. 
Mbdlicott,  Henry  Benedict. — Artesian  borings  in  India.    8"  Pam.    Calcutta,  1881. 

Thb  Auteob. 
„  Further  considerations  upon  artesian  sources  in  the  plains 

of  Upper  India,    8^  Pam.    Calcutta,  1886. 

The  Authob. 
Meek,  F.  B. — ^A  report  en  the  Invertebrate  Cretaceous  and  Tertiaiy  Fossils  of  the  Upper 

Missouri  country.    4®  Washington,  1876.  H.  B.  Mbdlicott. 

JIsbk,  J?«  B,,  Hall,  James,  and    Whitfield,   JS.    P. — American  Palseontology.     4** 

Washington,  1877.  H.  B.  Mbdlicott. 

Mbldola,  Bqphael,  and  White,  William, — Report  on  the  East  Anglian  earthquake  of  April 

22nd,  1884.    S""  London,  1885. 

Milnb,  John. — Earthquakes  and  other  earth  movemenU.    8*^  London,  1886. 

M0/8I8OTIC8,  JSdmund  vofi.— Arktische  Triasfaunen.    8"*  Pam.    Wien,  1886. 

The  Authob. 
Mojsisotios,  Edmund  twt,  and  Nbuuayb,  Mefchior, — Beitrage  zur  Palaontologie  Oster- 

reich-Ungams  und  des  Orients.    Band  IV,    heft  3-^,  and  V,  heft  2. 

4r  Wien,  1886. 
M0J8ISOVIC8,  Edmund  von,  Tibtze,  Emil,  and  BittHBB,  A. — Qrundlinien  der  Geologic 

von  Bosnien-Hercegovina.    8**  Wien,  1880.  H.  B.  Mbdlicott. 

Mvblleb,  Ferdinand  von. — Observations  on  new  vegetable  fossils  of  the  Auriferous  Drifls. 

8""  Pam.    Melbourne,  1883.  H.  B.  Mbdlicott. 

Nesbit,  D.  lf.--Tide  marshes  of  the  United  States.    8°  Washington,  1885. 

Hoke  Dbpabtmbet. 
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Nicholson,  Henrff  Alleyne.^Monowrn^h  of  the  British  Stromatopoioids.    Fart  1.  (Pal. 

Soo.)    4!^  LondoD,  1886. 
NoBTLiNG,  Fritz.— Emige  fossile  Haifiachzahne.    SP  Pam.    *— -,  1886.        Ths  Authoi. 
Oldham,  C.  ^.— Notes  on  the  lost  river  of  the  Indian  Desert.    8^  Pam.    Galeatta,  1874. 

H.  B.  MzDUCon. 
Oldhau,  Biehard  Dixon, — Memorandum  on  the  prohahilitj  of  ohtaining  water  by  meuu 

of  Artesian  Wells  in  the  plains  of  Upper  India.    8^  Fftm.  Calcatta,  1885. 

H.  B.  MsDUcoTi. 
Oldham,  Thomfu* — ^Nptes  npon  the  geology  of  the  Rajmahal  Hills ;  being  the  result  of  exa- 
minations made  daring  the  cold  season  of  1852-53.    8**  Pam.   Cakntta, 
1854  H.  B.  HsDUCOCT. 

Oliysb,  B,  j^.— Note  on  coal  and  iron  in  the  Punjab.    8°  Lahore,  1883. 

H.  B.  Medlicott. 
Pal^ontologie  Fran9ai8e.    Ire  s^rie.  Animaux  Invert^r^s,  Terrain  Jnrassique.    CriDoides, 

Li7.  80;  and  £oc^ne,  ^chinides,  Liy.  3.    8^  Paris,  1886. 
Pedlbs,  Alexander.-^On.  the  past  and  present  water  supplies  of  Calcutta.  8°  Pam.  Calcutta, 

1880.  H.  B.  Mbdlioott. 

Phillips,  John. — Manual  of  Geology,  theoretical  and  practical.  Edited  by  Bobert  Etberidge 

and  Harry  Govier  Seeley.    2  vols.    8*^  London,  1885. 
PoBTiB,  I^omas  C,  and  Coultes,  John  ilf.— Synopsis  of  the  flora  of  Colorado.  8*  Washbg- 

ton,  1874.  H.  B.  Medlicott. 

PouLAiN,  Ch. — Commission  des  puits  art^siens  h,  Pondicbtfry.    8"  Pam.    Pondich^iy,  1877. 

H.  B.  MsDUCon. 
PoUBTALi:s,  X.  F. — Beport  on  the  corals  and  antipatharia  dredged  in  the  Caribbean  Sea 

in  1878-79  by  the  United  States  Coast  Surrey  steamer  <<  Blai$:'   8° 

Pam.    Cambridge,  1880.  H.  B.  Medlicott. 

Pbbstwich,  Joseph.^On  the  structure  of  the  crag-beds  of  Norfolk  and  Suffolk,  with  some 

observations  on  their  organie  remains.    Parts  1-3.    8^  London, 

1871.  H.  B.  Medlicott. 

„  Geology ;  chemical,  physical,  and  Btratigraphical.   Vol.  I.    8°  Oxford, 

1886. 

RIjendbalXla  Mitba. — A  scheme  for  the  rendering  of  European  scientific  terms  into  the 

vernaculars  of  India.    8°  Pam.    Calcutta,  1877.  H.  K  Medlicott. 

Bat,  p.  jBimry.— Report  of  the  international  polar  expedition  to  Point  Barrow,  Alaska. 

4^  Washington,  1885.  Chief  Sighal  Officbb,  U.  S.  Abxt. 

BiCEETTS,  Charles. — On  accumulation  and  denudation,  and  their  influence  in  causing  oscil- 
lation of  the  Earth's  crust.  8^  Pam.  London,  1883.    H.  B.  Meducott. 

BiLET,  Charles  F.— The  Periodical  Cicada.    An  account  of  Cicada  Septendecim  and  its 

tredecim  race,  with  a  chronology  of  all  broods  known.    8°  Pam.   Washing- 
ton, 1885.  Home  Defabtuebt. 

Ross,  David,— The  land  of  the  five  rivers  and  Sindh.    &*  London,  1883.        B.  D.  Oldham. 
BuTLEY,  Frank, — Notes  on  some  peculiarities  in  the  microscopic  structure  of  Felspars.    8* 

Pam.  London,  1875.  H.  B.  Medlicott. 

„  On  some  structures  in  Obsidian,  Perlite,  and  Leudte.    8°  Pam.   London, 

1876.  H.  B.  Medlicott. 

Schubabt,  Th. — Description  et  notices  sur  I'installation  et  TentreUen  des  M^ttforographes 

graveurs  de  Van  Bysselberghe  et  Schubart,  oonstruits  pour  oompte  da 
Micistdre  des  Indes  Britanniques.    8°  Pam.   Gaud,  1880. 

H.  B.  Medlicott 
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TiileM  of  Boohs.  Donori. 

ScoTTy  Sobort  jET. — On  the  giAnitic  rocks  of  Donegal,  and  the  mioeralB  therewith  associated. 

8^  Pam.    DabliD,  1S63.  H.  B.  Mbdlicott. 

8iX]f8,  Frederick  TFl — A  treatise  on  the  principal  mathematical  instmrnents  employed  in 

snryeying,  levelling,  and  astronomy :  explaining  their  oonstmction,  adjust- 
ments, and  use.    6th  edition.    8^  London,  1884.  H.  B.  Mkdlicott. 
SiMFSOH,  E^  SnsEBS,  Henry,  Hbkdbbsov,  Alexander^  Howbll,  J,  A.^  Babbbb,  J^.  Jf», 

and  Fbbnald,  F.  L, — Tests  of  anti-corrosiye  and  anti-fonling  paints. 

8^  Pam.    Washington,  1885.  Homb  Dbpasthbnt. 

SoBBT,  Henry  C7(^oj».— On  the  microscopical  stmctore  of  Meteorites.    8°  Pam.  London, 

1864.  H.  B.  Mbdlicott. 

„  On  the  stmctare  and  origin  of  non-calcareous  stratified  rocks.    8* 

Pam.    London,  1880.  H.  B.  Mbdlicott. 

Sfbkcbb,  Jl  IF.— Elevations  in  the  Dominion  of  Canada.    8^  Pam.    Washington,  1884. 

H.  B.  Mbdlicott. 

Stasdaob,  S»  C. — ^The  Artists'  Mannal  of  Pigments,  showing  their  composition,  conditions 

of  permanency,  non-permanency,  and  adnlterations ;  effects  in  combina* 
tion  with  each  other  and  with  vehicles ;  and  the  most  reliable  tests  of 
pnrity,  together  with  the  Science  and  Art  Department's  examination  ques- 
tions on  painting.    8*  London,  1886. 

Statistical  Atlas  of  India,  prepared  for  the  Colonial  and  Indian  Exhibition,  1886.  Pol.  Cal- 
cutta, 1886.  GOYBBVUBKT  OF  InDIA. 

StbtbksoK,  John  J. — Some  notes  respecting  metamorphism.  8^  Pam.  Philadelphia,  1884. 

H.  B.  Mbdlicott. 

Stolxczxa,  Ferdinand.-^On  the  character  of  the  Cephalopoda  of  the  South  Indian  Creta- 
ceous Bocks.    8°  Pam.  London,  1865.  H.  B.  Mbdlicott. 

8tbachbt>  Miehardn — Proposab  relating  to  the  introduction  of  new  standards  of  weight 

and  measure  in  British  India.    Fls.  Pam.    Simla,  1867. 

H.  B.  Mbdlicott. 

SuBSS,  Eduard.-^DBB  Antlitz  der  Erde.    Abth.  I.    8*  Prag,  1883.  H.  B.  Mbdlicott. 

TbhhjlnTv  James  IVaneie. — Report  on  observations  of  the  total  eclipse  of  the  sun  on 

December  llth-12th  1871,  made  by  order  of  the  Government  of  India 
at  Dodabetta,  near  Ootacamund.    4°  Pam.  London,  1875. 

H.  B.  Mbdlicott. 

Tibtzb,  ^Mi^.~Einige  bemerkungen  uber  die  bildang  von  Querthalem.    Folge2.    8^  Pam. 

Wien,  1883.  H.  B.  Mbdlicott. 

T8CHBBMAK,*CJfii*to».— Die  bildang  der  Meteoriten  und  der  VulcaniBmua.    8"  Pam.  Wien, 

1876.  H.  B.  Mbdlicott. 

Wadswobth,  M.  ^.— Notes  on  the  geology  of  the  iron  and  copper  districts  of  Lake  Superior. 

8*  Cambridge,  1880.  H.  B,  Mbdlicott. 

On  the  origin  of  the  iron  ores  of  the  Marquette  district^  Lake  Superior* 

8"*  Pam.    Boston,  1880.  H.  B.  Mbdlicott. 

WalcOTT,  Charles  Doolitth.-^On  the  Cambrian  Faunas  of  North  America.    8"*  Washing- 
ton, 1884.  H.  B.  Mbdlicott. 

^  „  Paleontology  of  the  Eureka  district.    4**  Washington,  1884. 

H.  B.  Mbducott. 
WHiTBt  Charles  A.^On  Mesozoic  Fossils.    8""  Pam.    Washington,  1884. 

H«  B.  Mbducott. 
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Titles  of  Books.  Dotort. 

Whitb,  Charles  A.—On  the  Mesozoio  and  Genozoio  Paleontology  of  Califonik.   ST  Bm. 

Washington,  1886.  H.  B.  MiDUCon. 

Whitb,  Charles  A.,  and  Nicholson,  Renry  Alley ne.—Bihliogrhphy  of  North  AmeoflSB 

Invertebrate  Paleontology.    8°  Washington,  1878. 

h.  B.  MsDUCoir. 

Whitnbt,  J.  2>.— The  anriferous  gravels  of  the  Sierra  Nevada  of  California.    Ptfti  1-1 

4**  Cambridge,  1879-1880.  H.  B.  Mbducow. 

Williams,  Albert.-— Qold  and  silver  conversion  tables  giving  the  coining  valacs  of  troy 

onnces  of  fine  metal,  and  the  weights  of  fine  metal  represented  by 
given  sums  of  United  States  money.    8^  Pam.    Washington,  1883. 

H«  B.  MsDUCOR. 

Williams,  Henry  8.-^0n  the  fossil  {annas  of  the  Upper  Devonien  along  the  meridian  of  76f 

dOf  from  Tompkins  Connty,  N.  T.,  to  Bradford  County,  Pa.  8^  Fam. 
Washington,  1884  H.  B.  Msdlicoct. 

Williams,  J.  Butler. — Practical  geodesy :  comprising  chain  surveying,  and  the  use  of  tor- 

veying  instruments ;  levelling,  and  tracing  of  contours ;  together  with 
trigonometrical,  colonial,  mining  and  maritime  surveying.  2nd  editionu 
8*"  London,  1846.  H.  B.  Mbducor. 

Woltbbstobpf,  W. — Ueber  fossils  Frosche  insbesondere  das  genus  Palaeobatrachus.   Thai 

I.    8""  Magdeburg,  1886.  Thb  Authob. 

Wood,  James. — Elements  of   Algebra  designed  for  the  use  of  students  in  the  nnivenhy. 

nth  edition.    ^  Cambridge,  1841.  H.  B.  MsDLicarr. 

Wbioht,  Thomas. — Monograph  of  the  Lias  Ammonites  of  the  Britbh  Islands.    Part  VlIL 

(Pal.  Soc.)  4°  London,  1886. 


PERIODICALS,  SEBIALS,  &c. 

American  Journal  of  Science.    3rd  series.  Vol.  XXXI,  Nos.  183-185.    8°  New  Haven,  1886> 

Thb  Editobs. 
American  Naturalist.    Vol.  XX,  Nos.  2-4.    8^  Philadelphia,  1886. 
Annalen  der  Physik  und  Chemie.    Neue  folge.  Band  XXVII,  Nos.  3-4,  and  XXVIII,  No.  1. 

8''  Leipzig,  1886. 
Annales  des  Mines.    8°"'  s^rie.  Tome  YIII.,  livr.  6.    8°  Paris,  1885. 

L'Adxivs.  BBS  Mnns* 

Annales  des  Sciences  Naturelles.    6*'  s^rie,  Zoologie  et  Pal^ontologie,  Tome  XIX,  Nos.  4-6, 

and  XX,  Nos.  1-2 ;  and  7"*  s^rie,   Botanique^  Tome  III,*  Nos.  14.   8* 
Paris,  1885-1886. 

Annals  and  Magazine  of  Natural   History.    5th   series.  Vol.    XVII,  Nos.  lOQ-102.    8f* 

London,  1886. 
Athenseum.    Nos.  3046*3058.    4""  London,  1886.  / 

Beiblatter    zu  den  Annalen  der  Physik  und  Chemie.    Band  X,  Nos.  3-4.    8"  Leipsig, 

1886. 
Biblioth^que  Universelle.    Archives  des  Sciences  Physiques  et  Naturelles.    3"*  ptfriode» 

Tome  XV,  Nos.  1-3.    8°  Geneve,  1886. 
Bihlioth^ue  Universelle  et  Bevue  Suisse.    3™'  p^riode,    Tome  XXIX,  Nos.  86-87,  and 

XXX,  No.  88.    8'  Lausanne,  1886. 
Botauischer  Jahresbericht.    Jahrg.  XT,  Abth.  II,  halfte  1.    8"*  Berlin,  1886 . 
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TiOe^  vf  Books.  Donors, 

Botanisches  Centralblatt.     Band  XXV,  Nob.  10-13,   and  XXVI,  No8.  1-8,     8°  Cassel, 

1886. 
Chemical  Newi.    Vol.  LIII,  Nos.  1372-1384.    4°  London,  1886. 
Colliery  Guardian.    Vol.  LI,  Noe.  1316-1327.     Fol.  London,  1886. 
Das  Aasland.     Jahrg.  LIX,  Nos.  10-22.    4"*  StuUgarfc,  1886. 

Geological  Magazine.    New  series,  Decade  III,  Vol.  Ill,  Nos.  4-6.    8^  London,  1886. 
Indian  Engineer.    Vol.  I,  Nos.  1-7.    4^  Calcutta,  1886.  Thb  Editor. 

Iron.    Vol.  XXVII,  Nos.  687-699.    Fol.  London,  1886. 
Journal  de  Conchyliologie.    3*"*  s^rie.  Tome  XXV,  No.  4.     8"  Paris,  1885. 
London,  Edinburgh,  and  Dublin  Philosophical  Magazine  and  Journal  of  Science.    6th  series, 

Vol.  XXI,  Nos.  131-133.    8"  London,  1886. 
Mining  Journal.    Vol.  LVI,  Nos.  2637-2649.    Fol.  London,  ld.S6. 
Katurte  Novitates.    Nos.  6-10.    S""  Berlin,  1886. 

Nature.    Vol.  XXXIII,  No.  864  to  Vol  XXXIV,  No.  866.    4""  London,  1886. 
Neues  Jahrbuch  for  Mineralogie,  Geologie,  und  Palaeontologie.    Jahrg.  1886,  Band  I,  heft 

2-3.    8°  Stuttgart,  1886. 
Neoes  Jahrbuch  fiir  Mineralogie,  Geologie,  und  Palaeontologie.    Beilage-Band  IV,  hefl  2.    8" 

Stuttgart,  1886. 
Palaeontographica.    Band  XXXII,  heft  2-3.    4''  Stuttgart,  1886. 
Palaeontographica.    Supplement  II,  Abth.  1-6.    With  4P  plates.    8*  and  4**  Cassel,  1870* 

1884. 
Petermann's  Geographische  Mitiheilungen.    Band  XXXII,  Nos.  3-6.    4P  Gotha,  1886. 
Petemiann's  Geographische  Mittheilungen.    Supplement  Nos.  81-82.    4**  Gotha>  1886. 
Professional  Papers  on  Indian  Engineering.  3rd  series.  Vol.  IV,  No.  13.    Flsc.  Boorkee, 

1886.  Thomason  Colleob  of  Citil  Engxkbsbikg. 

Quarterly  Journal  of    Microscopical  Science.    New  series.  Vol.   XXVI,  Nos.    102-103. 

8^  London,  1886.  « 

Zeitschrift  fiir  Naturwbsenschafton.    Folge  4,  Band  IV,  heft  6.    8*"  Halle,  1886. 


GOVERNMENT  SELECTIONS,  BEPORTS,  &o. 
Titles  of  Books.  Donors, 

BxsGiL. — Quarterly  Bengal  Army  List.    New  series,  No.  96.     8°  Calcutta,  1886. 

GOVBBNKBNT  OF  InDIA. 

BoUBAT."*  Selections  from  the   Records  of  the   Bombay  Government.    New  series,  Nos. 

176-177,  &  179.    Flsc.  Bombay,  1886.  Bombay  Govbbnmbvt. 

Bl7BVA.— Annual  report  on  the  Lightphouses  o£E  the  coast  of  Burma  for  1886-86.    Flso. 

Rangoon,  1886.  Cbibf  Commissiokbb,  Bubma. 

Ihdi A.— Administration  report  on  the  Railways  in  India  for  1886-86.    Part  I.  Flso.  Simla, 

1886.  GOTBBNMBNT  OF  InDIA. 

„        Annual  statement  of  the  trade  and  navigation  of  British  India  with  Foreign 

Countries,  and  of  the  coasting  trade  of  the  several  Presidencies  and 
Provinces,  in  the  year  ending  31st  March  1886.    No.  19.    4^  Calcutta, 

1886.  GOTBBNMBNT  OF  IkDIA. 

„        Indian  Meteorological  Memoirs.    Vol.  Ill,  part  1,  and  IV,  part  1.    4°  Calcutta, 

1886.  Metbobolooical  Rbfobtbb  to  Govebnmbkt  of  India. 

M        Memorandum  to  accompany  charts  of  temperature  and  rainfall  of  India.    By 

H.  F.  Blanford.    8"  Calcutta,  1886. 

Mbtbobolooical  Rbpobtbb  to  Govbbnkbvt  of  Ikdia. 
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Titles  of  Books*  Donors, 

Ii7BiA.— Meteorological  observatioos  recorded  at  six  stations  in  India  in  1885,  redaoed  and 

corrected.    November.    4^  Calcutta,  1886. 

Mbteobological  Bbpobtbb  to  GovBuruxHT  or  Ivdxa. 

y,        Beport  on  the  Meteorology  of  India  in  1884.    4^  Ca  Icutta,  1886. 

Mbtbobolooical  Bbpobtbb  to  Gotbbnxbnt  of  Ibvu. 

n        List  of  Civil  OfficeVs  holding  gazetted  appointments  nnder  the  Government  of 

India  in  the  Home,  Legislative,  and  Foreign  Departments,  as  it  stood  on 
the  1st  January  1886.    8°  Calcutta,  1886.  Hous  Dbpabtmibt. 

H        Selections  from  the  Becords  of  the  Government  of  India,  Home  De]>artment.   No. 

205.    Flso.  Calcutta,  1886.  Gotbbnxbht  ow  Ivdii. 

„       Statistical  tables  for  British  India.    10th  issue.    4P  Calcutta,  1886. 

GOTBBKXBHT  01  IhDII. 

Madbab.— Manual  of  the  administration  of  the  Madras  Presidency.    Vol.  I.    Flso.  Madras, 

1885.  Madbab  GoTXBirifiiiT. 

N.-W.  Pbovikcbs.— Gazetteer  of  the  North-Westem  Provinces.    Vol.  XII.    8"  Allahabad, 

1886.  GOVBBKMBHT  OF  THB  N.-W.  PbOTIVCIS. 

Puv7AB.<^Beport  on  the  administration  of  the  Punjab  and  its  dependenciee  for  188485. 

Flsc.  Lahore,  1886.  Punjab  Gotbbithbvt. 


TBANSACTIONS,  PBOCEEDINGS.  Ac,  OF  SOCIETIES,  8UBVEYS,  Ao. 

Bailaabat»— Annual  report  of  the  School  of  Mines,  Ballaarat,  1885.    8^  Ballaarat,  1886u 

School  of  Mikbs,  Ballaarat. 

Batatia. — Natuurkundig  Tijdschrifl  voorNederlandfich-Indie.    Serie  VIII,  Deel  VL   S* 

Batavia,  1886.  Thb  Society. 

„         Nederlandsch-Indisoh  Plakaatboek,  1602*1811.    Deel  II.  By  J.  A.  Van  der 
Chijs.    8''  Batavia,  1886.  Thb  Sociitt. 

„         Notulen  van  bet  Bataviaasch  Genootscbap  van  kunsten  en  Wetenschappen.    Deel 
XXIII  Afl.  4,  and  XXIV  Afl.  1.    8""  BaUvia,  1886.  The  Socim. 

„         Tijdscbrift  voor  indische  Taal-Land-en  Volkenkunde.     Deel  XXXI,  Afl.  1*2. 
S*"  Batavia,  1886.  Thb  SoasTT. 

Bbbuv. — Sitzungsberichte  der  Eonig.  Preuss.  Akademie  der  Wisaenscbaften.    Nos.  4M% 

1886.    8""  Berlin,  1885-1886.  Thb  Acapsict. 

„         Zeitsohrift  der  Deutscben  Geologisohen  Gesellscbaft.    Band  ]$XXVII,  heft  4. 

S""  Berlin,  1885.  Thb  Sociitt. 

Bombay. — Journal  of  the  Bombay  Natural  History  Society.    Vol.  I,  Nos.  1-2.    8**  Bombay, 

1886.  Thb  Socistt. 

Boston.— Proceedings  of  the  American  Academy  of  Arts  and  Sciences.    New  series,  Vol 

XIII,  part  1.    8°  Boston,  1885.  Thb  Acadbmt. 

Bbussblb. — Bulletin  de  la  Soci^t^  Beige  de  Geographic.    Annuel,  Nos.  1-3;  III, No. 3; 

and  V,  No.  3.    8°  Bruielles,  1877, 1879,  and  1881. 
Bulletin  de  la  Soci^t^  Boyale  Beige  de  G^ographie.    Ann^e  X,  No.  1.   8" 

Bruxelles,  1886.  Thb  Socibtt. 

Mus^e  royal  d'histoire  naturelle  de  Belgique*  Explication  de  la  feoille  de  Meix- 
Devant-Virton.  Par  J.  C.  Parves,  (No  maps  published.)  8^  Bruxellei, 
1885.  Thb  Musbux. 
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»f 


PABT  8.]  AdditioM  to  the  Libraty.  179 

THUt  qf  Boohs,  2)onori, 

BBVS8XL8.— Mns^e  royol  d'biBtoire  natnrelle  de  Belgiqne.     Explication  de  la  feuille  de 

fionlen,  Waoken,  et  Thonrout.     Pkr  M.  A.  Batot.   (No  maps  published.) 

8"*  Bmzelles,  1886.  Thb  Musbuu. 

„  Proc^-Terbal  de  la  Sooi^t^  Boyale  Malaoologtqne  de  Belgique.  p.p.  81-144.    8^ 

fimzellee,  1886.  Thb  Socxbtt. 

BU0ABB8T.— Anniudre  da  Bureaa  G^lofciqne.   Ann^  1882-83,  Kos.  1-2.    8°  Bacarest,  1886. 

Gbolooioal  Bubbau,  Bucabbst. 
B0DAFB8T. — ^Term^Bzetri^zi  Fuzetek.    Vol.  X,  No.  1.    8^  Budapest,  1886. 

Thb  Hukoabijlk  Natiohal  Musbuic. 
Bcnmoa  Aibbs. — Boletin  de  la  Academia  Nacional  de  Cieucias  en  Cordoba.    Tomo  YIII, 

'     Nos.  2-3.    8^  Buenos  Aires,  1886.  Thb  Acadbmt. 

BuVFALO.— Bulletin  of  the  Buffalo  Society  of  Natural  Sciences.    Vol.  Y,  No.  1.    8^  BufUo, 

1886.  Thb  Societt. 

CaIiCUTTA. — Journal  of  the  Agricultural  and  Horticultural  Society  of  India.   New  series.  Vol. 

Yll,  pt.  4.    8*"  Calcutta,  1886.  Thb  Sooibtt. 

yy  Journal  of  the  Asiatic  Society  of  Bengal.    New  series,  Yol.  LY,  pt  I,  No.  I, 

and  pt.  II,  No.  1.    8^  Calcutta,  1886.  Thb  Sooibtt. 

■  

y,         Proceedings  of  the  Asiatic  Society  of  BengaL   Nos.  I-III.    8**  Calcutta,  1886. 

Thb  Sooibtt. 

,,         Palsontologia  Indica.   Series  X,  Yol.  Ill,  pts.  7-8  ;  and  Series  XIY,  YoL  I, 

pt.3,fa8c6.    4""  Calcutta,  1886-1886. 

Gbological  Subtbt  of  India. 

„         Becords  of  the  Geological  Suryey  of  India.  Yol.  XIX,  pt.  2.  8^  Calcutta,  1886. 

Gbolooioal  Subtbt  of  India. 

y.         Reports  of  the  Archteological^Survey  of  India.  Yols.  XXI— XXII.    8°  Calcutta, 
1886.  HouB  Dbpabtmbkt. 

„         Survey  of  India  Department.   Notes  for  February  to  April  1 886*  Flsc.  Calcutta, 
1886.  SuBVBT  OF  India. 

CABtBBiDOB.^Ph)oeedingB  of  the  Cambridge  Philosophical  Society.    Yol.  Y,  pt.  6.    8^ 

Cambridge,  1886.  Thb  Bocibtt. 

Cambbidgb,  Mass.— Bulletin  of  the  Museum  of  Comparative  Zoology.    Yol.  XII,  Nos.  3-4. 

8^  Cambridge,  Mass.,  1886.  Thb  Musbum. 

„  Memoirs  of  the  American  Academy  of  Arts  and  Sciences.  Yol.  XI,  pt.  3, 

Nos.  2-3.    4*  Cambridge,  Mass.,  1886.  Thb  Acadbmt. 

I^HBA  Dun. — Synopsis  of  the  results  of  the  operations  of  the  Great  Trigonometrical  Survey 

of  India.     Yol.  XIII  A.    4*'  Dehra  Dun,  1886. 

Gbbat  Tbigonoubtbical  Subtbt  of  India. 

Di/ON.— M^moires  de  I'Acad^mie  des  Sciences,  Arts,  et  Belles-Lettres  de  Dijon.    3"*  s^rie. 

Tome  YIII.    8°  Dyon,  1886.  Thb  Acadbmt, 

DUBUN.— Scientific  Proceedings  of  the  Boyal  Dublin  Society.  New  series,  Yol.  lY,  pts.  7-9 ; 

and  Y,  pts.  1.2.    S"*  Dublin,  1886-1886.  Thb  Socibtt. 

„        Scientific  Transactions  of  the  Boyal  Dublin  Society.    Series  II,  Yol.  Ill,  Nos.  7-10. 

4**  Dublin,  1886.  Thb  Socibtt. 

Edinbubgh.— Scottish  Geographical  Magazine.    Yol.  II,  Nos.  3-6.    8*"  Edinburgh,  1886. 

Thb  Sgottibh  Gbogbapbioal  Socibtt. 

Transactions  of  the  Boyal  Scottish  Society  of  Arts.  Yol.  XI,  pt.  3.    &" 
Edinburgh,  1886.  Thb  Socibtt. 
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Habbisbubo. — Ftogresfl  Reports  of  the  2Dd  Geological  Surrey  of  FeoiiBylTaiiia.    AA.  Sud 

report,  pt.  I ;  A.A.  pt.  I,  Atlas ;  C^ ;  and  T,.    8^  fiarrisbarg,  1885. 

SbOOND  GbOLOGICAL   SuBYET  of  PBSBBYLTAirU, 

„  Second  Geological  Surrey  of  PenoBylTania.    Grand  Atlas. 

Division   I,  pt.  1.       1886. 

„      II,pt8.1.2.    1884  and.1885. 

„    Ill.pt.  1.        1885. 

„     IV,  pt.  1.        1886. 

„      y,  pt.  I.         Ib86.    FoLHarrisburg,  1884-] 885. 

Second  Gbological  Subybt  of  Pskkstltiiu. 

IIoBABT. — Papers  and  Proceedings  of  the  Boyal  Society  of  Tasmania  for  1985.    8°  Hobait, 

1886.  Thb  80CIITT. 

IlTTXBVATloVJLL.— Bibliographie  g^ologique  et  pal^ontologiqne  de  I'ltalie  par  le«  soios  do 

comity  d'organisation  da  2"*  Congr^  G^ologiqne  International  h  Bdogne. 

S*"  Bologne,  1881.  H.  B.  Hidlicott. 

IjLrsANNB. — Bulletin  de  la  Soci^t^  Yaudoise  des  Sciences  Nattirelles.    8"*  s^rie,  Yol  XXIi 

No.  93.    8^  Lausanne,  1886.  Thb  Sociitt. 

Li^GB.— Annales  de  la  Sooi^t6  G^ologique  de  Belgique.    Tome  XII.    8"*  la^ge,  1884-1885. 

Thb  SocmT. 

LiSBOK.— Section  des  Travaux  G^ologiques  de  Portugal.    £tade  sur  les  Bilobites  et  antras 

f  OBsiles  des  quartzites  de  la  base  du  sjst^me  silurique  du  Portugal   Far 

J.  F.  N.  Delgado.    4''  Lisbonne,  1886. 

Gbolooioal  Subtbt,  PoBTueiL. 

IjOVDON.— British  Museum  (Natural  History).     Mineral  Department.    An  introducttou  to 

the  study  of  meteorites,  with  a  list  of  the  meteorites  represented  in  the 

collection.    8^  London,  1886.  Thb  Bbitish  Musbdx. 

„         Catalogue  of  tbe  fossil  mammalia  in  the  British  Museum,  (Natural  History). 

Part  III.    By  B.  Lydekker.    8"*  London,  1886.  Thb  Bbitish  Musitrx. 
„         Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland,   yd. 

XV,  No.  4.    8*  London,  1886. 
„         Journal  of  the  Chemical  Society.    Nos.  266-281.    S"*  London,  1886.1886. 

F.  £.  Mailii. 
„        Journal  of  the  Iron  and  Steel  Institute.    No.  II.    9P  London,  1886. 

Thb  Ikstuvtb. 
„        Journal  of  the  Society  of  Ajrte.    Vol.  XXXIV,  Nos.  1738-1760.    8""  London, 

1886.  Thb  Sociztt. 

„         Mineralogical  Magazine  and  Journal  of  the  Mineralogical  Society.    YoL  Yli 

No.  81.    BT  London,  1886. 
„         Proceedings  of  the  Boyal  Geographical  Society.    New  series,  Vol.  VIII,   Koa. 

8-6.    8''  London,  1886.  Thb  Sooibtt. 

„         Proceedings  of  the  Boyal  Institution  of  Great  Britain.    Vol.  XI,  No.  79.  With 

list  of  Members  for  1886.    8''  London,  1886.  Thb  Ihstitutiov. 

„         Proceedings  of  the  Boyal  Society  of  London.    Vol  XXXIX,  Nos.  240-241,  and 

XL,  No.  242.    8^  London,  1885-1886.  Thb  Socistt. 

„         Proceedings  of  the  Zoological  Society  of  Loudon.    Part  IV,  1886.    8^  London, 

1886.  Thb  Socibtt. 

„         Transactions  of  the  Zoological  Society  of  London.  Vol.  XI,  pt.  11,  and  XII,  pti. 

1-2.    4''  London,  1886-1886.  Thb  Society. 

M         Quarterly  Journal  of  the  Geological  Society.    Vol  XLII,  No.  166.    8"*  London, 

1886.  Thb  Sooibh. 
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Madbid.— Boletin  dd  la  Sooiedad  Geografica  de  Madrid.    Tome  XX,  Nos.  1-3.    8^  Madrid, 

1886.  The  Society. 

MANCHX8TBB.~Tran8actions  of  the  Manchester  Geological  Society.    Vol.  XVIII,  pts.  14-19. 

8^  Mandiester,  1886.  Thb  Socibtt. 

Mblboubkb. — Report  of  the  Miniog  Registrans  for  the  quarter  ending  Slet  Decemher  1885. 

FIbo.  Melbourne,  1886.      "  Dbft.  of  Mivbs  jlsj>  Watbb-sufplt. 

MoHTBBAL. — Proceedings  and  Traneactioos  of  the  Boyal  Society  of  Canada.    Vol.  II.    4^ 

Montreal,  1886.  Thb  Socibtt. 

Naflbs. — Bendioonto  dell'  Accademia  delle  Sdenze  Fisiche  e  Matematiche.    Anno  XXII  to 

XXV,  Nos.  1-3.    4''  Kapoli,  1883-1886.  Thb  Acadbmy. 

NBWCi8TLB-0N-TTirB. — Transactions  of  the  North  of  England  Institute  of  Mining  and 

Mechanical  Engineers.    Vol.  XXXV,  pt.  2.    8"  Newcastle-on-Tyne,  1886. 

Thb  Institutb. 
Ottawa.— Summary  report  of  the  operations  of  the  Geolo^cal  and  Natural  History  Survey 

to  31st  December  1885.    8^  Ottawa,  1886.  Thb  Subtby. 

Pabis.— Bulletin  de  la  Soci^t^  de  G^ographie. 

!'•  stfrie,  Vol.  Ill  (1825)— XX  (1833). 

2"*  s^rie.  Vol.  I  (1834)— XX  (1843). 

3"*  s^rie,  Vol.  I  (1844)— XIV  (1860). 

6"*  s^rie,  Vol.  VII- VIII   (1864).  X  (1865),  XIII  (1867),  XVIH 

(1869),  XIX  (June  No.  onlj),  and  XX  (1870). 
6"*  stfrie.  Vol.  I  (1871)-VI  (1873),  and  VIII  (1874)— XX  (1880). 
7"*  s^rie.  Vol  I  (1881)-"V  (1884).    8°  Paris,  1825-1884. 

Thb  Socibty. 
„       Compte  Bendu  des  Stances  de  la  Soci^t^  de  Geographic.    1882-1884,  and  Nos.  7- 

10  (1886).    8*  Paris,  1882-1884  and  1886.  Thb  Socibty, 

Becueil  de  voyages  et  de  M^moires  public  par  la  Soci^t^  de  Geographic.    Tome  II, 

^  IV,  VI,  VII,  and  VIII.    4*"  Paris,  1825-1866.  Thb  Socibty. 

Programme  d'instructions  aux  navigateurs  pour  T^tude  de  la  geographic  physique 

de  la  Mer.    8°  Paris,  1874.  Thb  Socibty. 

Instructions  gen^rales  aux  voyageurs  publitfes  par  la  Society  de  Oeographie.    8* 

Paris,  1875.  Thb  Socibty. 

Societe  de  Geographic.    Congr^  International  des  Sciences  (s^graphiques  tenn  a 

Paris  du  V*  au  11  Aout  1875.    Compte  Bendu  des  Seances.    2  Vols.    8^ 

Paris,  1878-1880.  Thb  Socibty. 

Societe  de  Geographic.    Liste  provisoire  de  bibliographies  geographiques  sp^ciales. 

Par  James  Jackson.    8"*  Paris,  1881.  Thb  Socibty. 

Fkuves  de  TAmerique  du  Sud»  1877-1879.    Par  Jules  Creyauz.        4"*  Paris,  1883. 

Thb  Socibty. 

gf       Notice  sur  la  Societe  de  Oeographie,  fondee  en  1821,  reconnue  d'utilite  publique  en 

1827.    8**  Paris,  1886.  Thb  Socibty. 

„     *  Bulletin  de  k  Societe  Oeologique  de  France.    3"'  serie.  Tome  XIV,  Nos.  2-4. 

8**  Paris,  1886.  Thb  Socibty. 

Philidblphia. — Journal  of  the  Franklin  Institute.    3rd  series.  Vol.  XCI,  Nos.  3-6.    8" 

Philadelphia,  1886.  Thb  Ikstitxttb. 

Proceedings  of  the  Academy  of  Natural  Sciences.    Part  UI,  1885.    8* 

Philadelphia,  1886.  Thb  Acadbmy. 

Proceedings  of  the  American  Philosophical  Society.  Vol.  XXIII,  No.  121. 

8"  Philadelphia,  1886.  Thb  Sootbty. 
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TUlei  of  Books,  Donon. 

FiSA. — Atti  della  Sooieta  Toecana  dt  Scienze  NataralL  Prooesai  Yerbali.  Vol.  V,  pp.  43-58* 

8*  Pisa,  1886.  Thb  Socnrr. 

BoHB.— Memorie  descrittive  della  Carta  geologica  d'ltalia.    Vol.  II.    8"  Roma»  1886. 

Thb  CoKMisnov. 
St.  PBTEBSBUBa. — Beitrage  zor  kenntniBs  des  BasBisoben  Beicbes  nnd  der  angrenzenden 

Laader  Asiens.    Band  Yill.    S""  St.  Petersbourg,  1885. 

Impbbial  Acadbmt»  St.  PBrBBSBUift. 

Balletin  de  TAcad^mie  Imptfriale  dee  Sciences  de  St.  P^tenbonrg.  Tome 

XXX,  No.  2.    4°  St  Petersburg,  1885.  Thb  Aoasixt. 

M^moires  de  rAcad^mie  Imp^riale  des  Sciences.   Tome  XXXII,  Not.  14- 

18,  &  XXXIII,  Nos.  1-5.    4!"  St.  P^tersboarg,  1885.      Thb  Acidbkt. 

Balletin  da  Comitd  G^logique.    Tome  lY,  Nos.  8-10.    8*  St.  F^ten- 

boarg,  1885-1886.  Thb  Commissiob. 

Shanghai. — Journal  of  tbe  China  Branch  of  the  Boyal  Asiatic  Society.    New  series,  VoL 

XX,  Nos.  5-6.    8"  Shanghai,  1886.  Thb  SociBTr. 

Stbabbubo. — ^Abhandlungen  zur  geologischen  specialkarte  von  Elsa88*Iiothringen«  Band  I]« 

heft  3  with  4^  Atlas ;  Band  III,  heft  1 ;  &  IV,  heft  1-2.    8*"  &  iT  Stiass- 

buig,  1884.  STBAflBITBG  UiriTBisiTr. 

Stvttgabt. — Jahresbefte   des  Yereins  fur  vaterlaudische  Natorkunde  in   Wurttemberg. 

Jfthrg.  42.    S""  Stuttgart,  1886. 
Stdnbt.— Catalogue  of  the  Echinodermata  in  the  Australian  Museum.    Bj  E.  P.  Bamsay. 

Part  I.    8°  Sydney,  1885.  Thb  Musbuil 

„         Descriptive  Catalogue  (with  notes)  of  the  general  collection  of  minerals  in  the 
Australian  Museum.    By  A.  Felix  Batte.    8^  Sydney,  1885. 

Thb  Mubbuh. 

„         Proceedings   of   the   Linnean  Society  of  New  South  Wales.   Vols.  I-X;  aod 

2nd  series,  Vol.  I ,  pt.  1.    8""  Sydney,  1877-1886.  Thb  Socibit. 

„         Transactions  of  the  Entomological  Society  of  New  South  Wales.  Vol.  11.    8° 

Sydney,  1873.  Linnbak  Socibtt  of  Nbw  South  Waus. 

ToBiiro.*-Atti  della  B.  Accademia  delle  Scienze  di  Torino.   Vol.  XXI*  disp.  1-2.    8^  Torino, 

1885-1886.  Thb  Acadbmt. 

ToBOifTO.— Proceedings  of  the  Canadian  Institute,    3rd  series,  Vol.  Ill,    fasc.  3.   8° 

Toronto,  1886.  Thb  Instituti. 

ViBKHA.— 'Annalen  des  E.  £.  Naturhistorisohen  Hofmuseums.    Band  I,  No.  2.    8"  Wien, 

1886.  Thb  Mubbux. 

„  Jahrbuchder  Eais.  Eonig.  Geologischen  Beichsanstali    Band  XXXYI,  heft  1. 

8'  Wien,  1886.  Thb  Ibstituti. 

„  Yerhandlungen  der  E.    E.    Geologischen  Beicbsanstalt.    Nos.  2-6.    8^  Wieo, 

1886.  Thb  Ikstrvti. 

„  Denkschriften  der  Eais.  Akademie  der  Wissenschaften.    Band  48-49.    4"  Wien 

1884-1885.  Thb  Acapiiit. 

„  Sitzungsbericbte  der  Eais.  Akademie  der  Wissenschaften. — 

Band  LXXXIX,  Abth.  Ill,  heft  3-5. 
„     XC,  Abth.  I,  heft  1-5 ;  Abth.  II,  heft  1-5 ;  Abth.  HI,  heft  1-6. 
„     Xd,  Abth.  I,  heft  1-4;  Abth.  II,  heft  1-3;  Abth.  UI,  heft  1-2. 
Begister  zu  den  Banden  86-90.    8"*  Wien,  1884-1885.     Thb  Acadbict. 

Wabhibotob.— -Annual  report  of  the  Comptroller  o!  the  Currency  to  the  first  session  of  the 

49th  Congress  of  the  U.  S.    8°  Washin  ton,  1885.    Thb  Oomptboubb. 
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Washingtoh.— Bulletin  of  the  Philosophical  Society    of    Washington.    Vol.  VIII.    8* 

Washington,  1885.  The  Socibtt. 

„  Bulletin  of  the  United  States  Geological  Survey.    Nos.  7  and  9-23.    8** 

Washington,  1884.1886.  U.  8.  Gbolooical  Subvey. 

„  XT.  S.  Geological  Survey.  Atlas  to  accompany  the  monograph  on  the  geology 

of  the  Comstock  Lode  and  the  Washoe  district.     By  George   F.  Becker. 
4^  Washington,  1882.  Home  Dbfabtmbnt. 

„  U.  S.  Geological  Survey.    Mineral  resources  of  the  United  States,  1883-1884. 

By  Albert  Williams.    8""  Washington,  1885. 

U.  8.  Gbolooical  Subybt. 
Bulletin  of  the  U.  S.  National  Museum.    No.  27.    8"^  Washington,  1884. 

Home  Dbpabtmbht. 

Circular  instructions  relative  to  deposits  by  individuals  for  the  survey  of 

public  lands.    8°  Washington,  1885.  Homb  Dbfabtmbnt. 

Third  annual  report  of  the  Bureau  of  Ethnology  to  the  Secretary  of  the 

Smithsonian  Institution,  1881-82.    By  J.  W.  Powell.    4""  Washington, 

1884.  Shithsokian  Institution. 

„  U.  S.  Commission  of  Fish  and  Fisheries.    Beport  of  the  Commissioner  for 

1881  and  1882.    S""  Washington,  1884.  Home  Dbfabtmbnt. 

Wbllinoton.— <!7olonial  Museum  and  Geological  Survey  Department    Hand-book  of  New 

Zealand.    4th  edition.    By  James  Hector.    8"*  Wellington,  1886. 

Gbolooioal  Subyby  of  New  Zealand. 

Yokohama. — Mittheilungen  der  Deutschen  Gesellschaft  fur  Natur-und  Volkerkunde  Osta- 

siens.    Heft  XXXIV.    Flsc.  Yokohama,  1886.  The  Society. 

YoBE. — Annual  report  of  the  Yorkshire  Philosophical  Society  for  1885.    8^  York,  1886. 

The  Society. 
July  14th  1886. 
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Part  4.]  1886.  [Wovomber. 

Note  an  the  occurrence  of  petroleum  in  India,  by  H.  B.  Mbdligott,  Oeological 

Survey  of  Imiia,    (With  two  plates.) 

Introductory. 

There  is  very  little  indeed  to  be  added  to  what  has  been  already  published 
npon  this  subject ;  but  occasion  demands  that  it  should  be  noticed  in  connected 
form  and  under  the  light  that  has  within  the  last  few  years  been  generated  by 
experience  in  other  regions.  From  the  nature  of  the  case  this  note  will  be  chiefly 
made  up  with  illustrations  from  abroad,  as  a  due  to  what  may  be  looked  for  in 
India.  The  extension  of  railways  on  all  sides  has  brought  up  a  vote  of  urgency 
on  the  question  of  fuel,  and  our  masters  (through  the  press)  are  asking,  '  What  is 
the  Geological  Survey  about  P '  The  answer  to  this  Question  has  been  within  easy 
reach  of  those  who  chose  to  seek  for  it  in  the  publications  of  the  Survey.  Years 
ago  the  little  that  can  be  learned  from  surface  examination  regarding  the  habitat 
of  petroleum  in  India — ^in  Upper  Burma,  Pegu,  Arakan,  Assam,  and  the  Punjab- 
had  been  set  forth,  and  until  the  fulness  of  time  there  would  have  been  no  use  in 
repeating  it.  It  is  the  practice  of  British  Government  at  home  to  leave  everything 
as  far  as  possible  to  private  enterprise,  and  it  is  not  rightly  understood  that  a 
total  change  of  environment  requires  a  change  of  system.  The  Survey  is  not 
equipped  for  or  expected  to  carry  out  experiments,  and  without  these  on  a  more  or 
less  extended  scale  there  was  nothing  further  to  be  said  upon  the  local  conditions 
of  petroleum.  Now,  however,  thanks  to  our  Russian  friends,  things  have  improved : 
the  great  extension  of  railways  in  North-western  India  and  the  scarcity  of  fuel 
there,  have  led  to  official  investigations  as  to  the  hidden  resources  of  thatall- 
inixK>rtant  material. 

2.  Already  some  success  has  been  achieved  in  that  direction,  through  the 
determination  of  Sir  Theodore  Hope,  the  Public  Works  Member  of  Council,  to 
test  the  often-condemned  coal  of  the  Salt-range.  Those  nummulitic  coal-measures 
had  been  repeatedly  described  and  reported  on,  and  provisionally  pronounced  to 
be  unprofitable.  They  are  well  exposed  throughout  on  immense  stretch  of 
country  from  north  of  Jamu  in  the  Sub-Himalayas,  through  the  Salt-range 
and  the  Suliman  range  into  Sind.  The  strongest  outcrop  has  been  observed  in  the 
Jamu  hills,  far  inside  the  fringing  Siwaliks,  but  in  that  ground  the  measures  are 
terribly  broken  and  crushed.     In  the  Salt-range  they  are  of  average  development 

B 


186  Records  of  the  Oeologieal  Survey  of  India.  [vol,  iii. 

and  somewliat  favourably  placed  for  working.  To  the  sontli  they  BtQl  fnriber 
deteriorate,  as  seen  at  the  well-known  ontcrops  of  Mach,  in  the  Bolan  pass,  and  of 
Ljnyan  in  Sind.  Other  ontcrops  occur  well  to  the  north  of  the  Salt-range, 
south  of  Attock  in  the  Chita  Pahar  hills,  where  some  money  was  lately  wasted  on 
exploration.  In  all  these  exposures,  on  veiy  difPerent  strikes,  the  seam  exhibits 
the  same  feeble  development,  which  is  certainly  strange  considering  the  veiywide 
range  of  the  coal-forming  conditions  here  at  that  time ;  but  from  the  abandant 
observations  it  was  evident  that  no  hope  could  be  given  of  its  improvement  in 
any  direction.  The  recent  exploration  in  the  Salt-range  has  not  affected  that 
judgment.  As  was  to  be  expected,  it  has  been  proved  by  borings  that  the  coal, 
such  as  it  is,  occurs  under  a  considerable  area  in  the  Dandot  plateau,  easflj 
accessible  by  drifts,  so  as  to  be  economically  workable  under  present  conditions. 
A  large  consumption  of  imported  coal  at  3£  a  ton  would  bring  any  sort  of  local 
supply  into  requisition.  The  best  prospect,  though  not  a  very  hopeful  one,  of  a 
permanent  supply  of  coal  in  this  region  lies  In  Mr.  Oldham's  recent  announce- 
ment of  the  possibility  of  a  field  of  Gondwana  measures  in  Eastern  Bajputana. 

3.  The  same  need  has  brought  the  petroleum  question  to  the  front,  and  the 
Government  have  begun  explorations  where  the  demand  is  most  urgent,  and  with 
fair  preliminary  success.  It  is  right  to  mention  that  this  matter  has  not  been 
neglected  in  the  past :  it  was  taken  up  seriously  nearly  twenty  years  ago,  and  an 
'expert'  was  imported  from  America  to  examine  the  oil-bearing  rocks  of  the 
Punjab.  His  reports  were  published  in  1869-70 ;  they  were  not  encouraging,  80 
the  enquiry  dropped.  That  mishap  was  to  some  extent  due  to  the  popular  con- 
fusion on  the  genus  ^  expert ' ;  and  under  present  arrangements  our  rulers  are  of 
course  only  magnified  representatives  of  popular  notions.  Operative  (practical) 
functions  are  almost  invariably  connoted  by  the  word  '  expert ' ;  and  it  wonld 
be  well  if  the  term  could  be  confined  to  that  sense,  for  though  there  is  no  essen- 
tial reason  why  the  scientific  specialist  should  not  be  called  an  expert,  there  are 
marked  distinctions  between  the  two  species,  and  the  confusion  of  them  is  often 
fatal.  When  a  man  has  to  be  hanged  it  is  important  that  an  expert  should 
operate;  but  it  would  be  a  mistake  to  consult  the  hangman  upon  a  puzzle  in 
criminal  law.  Yet  in  matters  mineral  this  error  is  continually  committed  by 
business  men  as  well  as  by  those  who  ought,  at  least  through  faith,  to  know  better. 
The  illustration  from  the  course  of  law  does  not  even  sufficiently  mark  this 
blunder  in  mineral  concerns  ;  for  here  the  defect  is  not  only  negative  but  positive — 
the  man  whose  skill  has  been  acquired  in  dealing  with  one  group  of  conditions  is 
actually  led  astray  thereby  in  giving  an  opinion  upon  other  conditions,  his 
knowledge  being  solely  empirical.  Mr.  Lyman's  judgments  seemed  unduly 
cautious,  or  even  partly  erroneous,  as  I  had  occasion  to  point  out  three  years  djffi 
when  consulted  in  the  matter.^  There  is,  however,  much  excuse  for  anything 
that  may  have  been  said  or  not  said  even  sixteen  years  ago  on  this  subject,  for 
although  the  petroleum  business  was  then  in  full  swing,  the  information  derivable 
from  such  hasty  experience  had  not  been  brought  together.  Even  now  th^  guid- 
ance to  be  obtained  is  most  precarious ;  but  the  reason  of  it  lies  in  the  protean 

1  Sea  Supplement  to  the  OaxetU  tf  India,  October  20, 1888,  p.  1717.    There  ii  a  misprint  ob 
the  tenth  Uue :  for  holes  read  beds. 
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cHaraqter  of  petroleum  itself.     A  little  consideration  of  familiar  facta  will  satisfy 
the  incredulous  that  this  excuse  is  not  a  professional  subterfuge. 

4.  In  these  days  of  graphic  papers,  every  one  is  familiar  with  the  wonderful 
performances  of  the  spouting  wells  of  Baku  and  Pennsylvania.  They  form  the 
popular  standard  of  what  a  petroleum  well  ought  to  be.  This  is  unfortunate ; 
but  a  very  little  reflection  on  the  fact  thus  plainly  displayed  ought  to  furnish  the 
needful  antidote  to  that  hasty  inference,  and  lead  to  a  rational  conception  of 
what  must  be  the  variable  and  inscrutable  distribution  of  petroleum.  It  needs 
no  argument  to  show  that  a  light  and  slippery  fluid,  which  gushes  out  at  the 
surface  under  a  pressure  of  300 — 400  pounds  to  the  square  inch  as  soon  as  tapped 
by  a  bore  hole,  would  certainly  not  have  stayed  where  it  was  if  it  could  possibly 
hare  escaped,  and  that  it  would  infallibly  distribute  itself  under  ground  according 
to  the  access  afPorded  by  the  permeability  of  the  surrounding  rocks.  That 
pressure  is  not  hydrostatic,  as  in  artesian  springs,  communicated  from  a  higher 
level  within  the  same  closed  basin :  it  is  elastic  pressure,  due  to  the  expansive  force 
of  the  gases  that  are  always  generated  with  the  oil,  so  it  is  self-acting,  independ- 
ently of  any  structural  arrangement  of  the  enclosing  rocks,  although  it  is,  as  we 
shall  see,  controlled  in  many  important  ways  by  that  structure. 

5.  Any  useful  knowledge  we  can  have  of  mineral  deposits  depends  on  what 
we  can  discover  as  to  the  conditions  of  their  origin  and  history,  and  for  all  minerals 
more  or  less  of  such  knowledge  can  be  attained ;  for  petroleum,  however,  this 
knowledge  is  of  little  avail,  because  owing  to  its  mobility  it  does  not  abide  in 
its  birth-place,  but  slips  about  in  the  most  insinuating  way  wherever  it  gets  a 
chance.  It  is  something  to  know  that  there  is  a  dominating  effort  to  ascend ; 
though  of  course,  when  the  upward  passage  is  barred,  the  oil  would  penetrate 
sideways  or  downwards'  under  the  elastic  pressure  of  the  gases  which  always 
accompany  it.  It  would  be  easy  to  follow  out  these  a  priori  considerations  in  connec- 
tion with  the  familiar  facts  of  stratigraphy,  but  the  application  will  be  better 
exhibited  in  actual  examples. 

Nature  and  Origin  of  Petroleum. 

6.  A  real  acquaintance  with  petroleum  would  require  initiation  into  the 
mysteries  of  organic  chemistry,  for  it  is  as  protean  in  its  composition  as  in 
its  modes  of  manifestation ;  but  it  is  desirable  to  have  some  notion  of  the  substance 
under  discussion.  Homogeneous  as  it  seems,  petroleum  is  made  up  of  an  indefi- 
nite number  of  distinct  compounds  of  carbon  and  hydrogen,  or  hydrocarbons ; 
they  are  gaseous,  liquid,  or  solid,  and  seem  to  co-exist  in  the  crude  material,  for 
they  are  separable  from  it,  without  what  is  understood  as  decomposition,  by  careful 
fractional  distillation  and  by  treatment  with  appropriate  solvents.  The  most  im- 
portant of  these  series  of  compounds  are  the  saturated  hydrocarbons  known  under 
the  family  name  of  the  paraffins,  represented  by  the  general  formula  C,  ^u^%* "  It 
begins  with  marsh-gas,  G  H^  in  which  n  ^  i ;  descending,  by  the  gradual  increase 
of  the  carbon,  with  a  corresponding  increase  of  density,  to  the  solid  forms,  the 
paraffins  proper.  Molecular  science  has  scarcely  yet  mastered  (or  at  least  sim- 
plified) the  intricacies  of  these  compounds  :  within  the  several  series  there  are  nu- 
merous isomeric  formSi  I.e.,  distinct  substances  whose  empirical  formuleo  are  identi- 
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cal,  also  polymeric  bodies  whose  formalas  are  integer  mnltiplee  of  the  same  pri- 
mitive group.  The  volatile  (inflammable)  properties  naturallj  increase  wiUi 
the  proportion  of  hydrogen ;  bnt  it  is  evident  that  specifio  gravity  would  be  do 
safe  guide  on  this  point  in  a  mixed  oil,  for  its  inflammability  might  be  determined 
by  the  presence  of  a  very  small  proportion  of  a  lighter  oil.  Bitumen  is  the  mune 
in  most  general  use  for  this  whole  class  of  substanoes.  The  solid  forms  are  dis- 
tinguishable  from  coal  or  other  like  matter  by  being  f  oaible,  and  by  their  complete 
solubility  in  bi-sulphide  of  carbon.  As  occurring  in  nature  the.  solid  forms  are 
called  asphalt,  while  the  more  fluid  forms  of  petroleum  are  distinguished  as  naphUia, 
and  the  more  viscid,  tarry  kinds  as  maltha.  The  manufactured  products  have  a  like 
classification :  there  are  the  naphthas,  principally  used  as  solvents ;  the  less  volatile 
distillates  are  the  burning  oils ;  the  thicker  kinds  are  much  used  as  lubricating 
oils ;  the  residual  solids  are  paraffin,  naphthalene,  anthracene,  &o.  Petroleums  dif  er 
much  in  the  proportions  they  yield  of  those  different  products ;  e.g,  the  CaLLfomia 
bitumen  contains  no  paraffin,  it  also  holds  a  small  proportion  of  nitrogen ;  both 
facts  have  suggested  the  probable  derivation  of  that  petroleum  ^m  animal  matter. 
7.  It  is  also  desirable  to  know  something  of  the  supposed  origin  of  the  bita* 
mens ;  and  the  questions  are,  whether  or  to  what  extent  they  are  connate,  or  innate, 
or  introduced,  in  the  situations  where  they  are  found.  They  would  seem  pnW 
facie  to  be  allied  to  coal :  yet  the  essential  dissimilarity  of  the  two  is  what  opens 
the  door  of  speculation  regarding  petroleum.  We  commonly  speak  of  'bitunuoous 
coal* ;  but  it  is  incorrect,  as  coals  contain  little  or  no  bitumen,  although  bitamen 
can  be  obtained  from  them  by  destructive  distillation,  leaving  a  large  residue  of 
coke.  The  production  of  these  oils  in  this  way  from  shaly  ooal  (unfit  for  foniaoe 
use)  and  from  coaly  shales,  or  '  oil-shales,'  formed  a  very  extensive  industry  befoxe 
the  petroleum  discoveries  set  in,  and  it  is  still  flourishiug :  the  production  last  year 
in  Scotland  alone  amounted  to  62,712,000  gallons  of  crude  oil.  The  origin  of 
coal  may  be  said  to  be  completely  known  :  by  the  slow  transformation  in  ntu  of 
vegetable  matter  through  the  slow  combustion  of  its  less  stable  elements,  producing 
a  constant  concentration  of  fixed  carbon,  with  less  and  less  of  hydrogen  and  oxygen. 
It  is  found  in  every  stage  of  transition  from  turf  and  carbonized  wood  down  to 
anthracite,  in  which  only  the  carbon  remains.  This  process  is  completely  natural 
and  intelligible,  and  the  puzzle  is  how  in  the  case  of  petroleum,  if  it  had  an  anab- 
gous  origin  from  organic  matter,  the  exactly  opposite  result — ^a  concentration  of 
the  hydrogen  element — can  have  been  brought  about,  for  the  two  are  oommonly 
quite  similarly  located  and  not  seldom  associated  in  the  same  series  of  strata. 
The  contrast  is  exhibited  by  a  comparison  of  their  composition  with  that  of 
cellulose,  which  is  the  basis  of  vegetable  tissue — 
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8.  This  difficulty  seemed  so  forcible  that  the  connection  of  petroleum  with 
org^io  remains  has  been  denied  and  its  origin  as  truly  a  mineral  oil  asserted . 
In  1862,  the  distinguished  Frenoh  chemist  Berth'elot  succeeded  in  producing  several 
of  the  familiar  hydrocarbons  by  various  processes,  such  as  by  bringing  steam  and 
carbonic  acid  into  contact  with  highly  heated  metals  having  a  strong  affinity 
for  oxygen.  Conditions  of  this  sort  being  reasonably  assumable  as  occurring  at 
great  depths  underground  the  possibilities  of  the  theory  were  furnished,  and  it 
was  strenuously  sustained  in  the  field  by  an  able  geologist,  M.  Coquand,  from 
his  study  of  the  petroleum  deposits  in  Boumania  and  Albania.^  As  against  an 
organic  origin  he  considers  it  final  that  no  residual  carbon  is  found  with  or  near 
the  petroleum ;  but  while  attributing  the  oil  to  a  wholly  independent  source  he 
insisted  upon  its  contemporaneity  with  the  deposits  in  which  it  is  now  found ;  he 
asserted  that  in  all  times,  as  now,  petroleum  found  its  way  to  the  surface  and 
there  necessarily  mingled  with  whatever  deposits  were  being  formed  in  the  neigh- 
bourhood of  its  discharge.  Under  this  view  the  oil  would  be  in  a  half  sense 
connate  with  the  beds  containing  it,  although  provided .  ready  made  from  a 
remote  source.  This  is  more  or  less  plausible ;  and  in  the  famous  bitumen  depo- 
sits in  pliocene  gravels  at  Selenitza  in  Albania,  where  the  mineral  has  been  ex- 
tracted for  many  centuries,  he  seems  to  prove  a  deposit  of  this  nature,  such  as 
might  now  be  formed  at  the  Pitch  Lake  of  Trinidad,  or  elsewhere ;  but  he  insists 
on  the  same  process  for  the  petroleum  of  Roumania,  where  the  oil  occurs  in  two 
zones  of  stiff  blue  clay  of  eocene  and  miocene  ages.  The  contemporaneity  of  the 
oil  (or  its  elements)  with  the  deposits  seems  undeniable,  for  although  the  rooks  are 
much  disturbed  the  oil  keeps  constant  to  the  same  beds,  and  it  is  hardly  possible 
that  it  could  have  been  injected  into  stiff  clays  after  their  consolidation ;  but  it  does 
not  occur  to  him  to  explain  how,  under  this  theory,  a  comparatively  light  fluid  was 
not  floated  away  by  the  depositing  waters.  This  objection  however  recurs,  though 
in  a  less  degree,  for  any  theory  of  contemporaneous  deposition.  M.  Coquand  had 
a  block  of  the  fresh  clay  brought  up  from  the  pit  for  examination,  and  he  found 
that  the  oil  was  not  diffused  through  the  mass,  but  distributed  in  little  patches  with 
thread-like  connections. 

9.  Thd  difficulty  of  petroleum  being  innate  (by  metamorphism),  like  coal, 
from  organic  remains  in  the  beds  where  it  is  found,  is  equally  admitted  by  those 
who  deny  its  purely  mineral  origin :  the  apparently  necessary  residuum  of  car- 
bon cannot  be  spirited  away  by  theory,  A  considerable  step  in  the  coal-forming 
process  is  made  in  the  decaying  vegetation  as  it  accumulates  under  more  or  less  free 
access  of  air ;  a  further  great  step  is  accomplished  under  a  comparatively  light 
covering  of  later  deposits,  and  there  is  no  stretch  of  imagination  in  supposing 
that  gradual  increase  of  pressure  and  temperature  can  accomplish  the  rest,  the 
escape  of  volatile  elements  being  all  that  is  needed ;  but  no  plausible  conjecture 
has  been  made  for  the  removal  of  the  surplus  carbon  or  for  its  conversion  by  the 
access  of  free  hydrogen,  to  form  petroleum  out  of  the  same  elements  as  coal ;  it 
has  therefore  been  urged  that  this  substance  is  connate,  not  innate!  An  appa- 
rently plausible  conjecture  on  this  side  is,  that  petroleum  is  derived  from  marine 

>  Ball.  Soc  0^1.  de   France,   (3)  Vol.  XXIV,  (1866-67),   pp.  505    569;  »nd  Vol.   XXV 
(1867-68),  pp.  20—74. 
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▼egetation,  as  coal  is  ezclnsivelj  from  land  plants ;  and  tbat  the  slow  maoeration 
it  is  subjected  to  dnnng  deposition  nnder  water  may  produce  the  required  result 
This  view  was  well  put  forward  by  Mr.  Leo  Lesqnereux  in  1866.^  He  remarks 
that  Alg89  thrown  upon  peat  do  not  leave  any  trace  of  organisn:!*  but  the  result- 
ing compound  is  softer  and  of  deeper  colour ;  that  Algas  heaped  upon  the  shore 
promptly  decompose  into  a  soft  black  paste  and  then  into  a  glutinous  fluid  which 
sinks  into  the  sand ;  he  even  appeals  to  the  green  fat  of  turtles  as  derived  finom 
a  diet  of  Alg®.  He  also  refers  to  the  frequent  occurrence  of  petroleum  in  straia 
with  fucoidal  impressions.  He  regrets  that  LieUg  was  unable  to  supply  him 
with  any  hints  upon  the  chemistry  of  the  process.  Dr.  Sterry  Hunt,  who  is  espe- 
cially an  authority  on  the  chemical  side,  adopts  this  view  in  a  general  way.'  He 
admits  that  the  origin  of  petroleum  may  be  referred  to  a  particular  transformation 
of  organic  matter  effected  in  deep  water  where  calcareous  deposition  is  in  progress, 
while  similar  matter  in  shallow  waters  loses  a  larger  proportion  of  its  hydrogen 
and  forms  coaly  deposits  (pyrosohists).  He  alludes  to  the  great  bank  of  Sargat- 
sum  in  the  Mid- Atlantic  as  a  probable  seat  of  such  production. 

10.  It  is  true  that  Mr.  G.  P.  Wall,*  from  his  examination  ot  the  bitomen 
deposits  of  Trinidad,  of  which  the  famous  Pitch  Lake  is  but  a  waste-pool, 
satisfied  himself  that  the  asphalt  is  innate,  being  formed  from  the  remains  of 
terrestrial  vegetation  in  the  shaly  sand  where  it  occurs.  He  attributes  its  aocumn- 
lation  as  irregular  masses  in  the  bedding,  and  the  consequent  loose  texture  of  the 
shales,  to  the  segregation  that  took  place  after  the  conversion  of  the  diffused 
matter  into  bitumen.  To  account  for  his  .opinion  he  accepts  as  actual  Bishoff's 
formulae  ^  showing  how  by  giving  off  carbonic  acid  instead  of  carburetted  hydro- 
gen fossil  wood  might  turn  into  bitumen  instead  of  into  coal ;  but  there  is  some- 
thing to  be  desired  in  his  demonstration  that  such  was  the  case.  The  evidence  that 
has  been  principally  quoted  is  Mr.  Criiger's  admirable  study  of  some  specimens  of 
wood  more  or  less  changed  into  bitumen,  but  Mr.  Wall  does  not  show  how  far 
these  were  representative  of  the  deposit,  or  that  all  the  specimens  may  not  haye 
been  what  Mr.  Cruger  (7.  c,  p.  175)  says  some  of  them  were,  simply  "rotten 
wood  impregnated  with  pitch."  There  are  lignites  associated  in  the  same  upper 
tertiary  deposits  with  this  asphalt. 

11.  There  remains  the  question  whether  petroleum  may  not  be  an  interbper 
in  its  present  locations.  That  it  is  so  in  some  cases  is  beyond  question,  for  it  is 
found  in  force  filling  fissures  in  eruptive  and  crystalline  rocks ;  and  it  goes 
without  saying  that  since  it  reaches  the  surface  it  may  (or  must)  take  possession 
of  any  convenient  receptacle  it  comes  across  in  its  ascent.  This  theory  has  thus 
a  certainty  to  start  with  ;  and  we  shall  see  that  it  is  as  good  as  proven  that  the 
greatest  known  sources  of  petroleum  were  formed  in  this  way — that  the  oil  was 
not  indigenous  but  introduced  where  now  found.  The  question  of  origin  remains 
open :  whether  by  direct  synthesis  from  mineral  elements,  or  by  distillation  from 
fossil  organisms ;  the  conditions  of  distribution  would  be  to  some  extent  the  same 

1  TransaetionB  of  the  American  PbiloBophical  Society,  Vol.  XIII,  (N.  S.),  pp.  318—338. 
»  Bull.  Soc.  Q6ol  de  France,  (2)  Vol.  XXIV,  p.  572  (1867). 

*  Report  on  the  Geology  of  Trinidad  :  Memoirs  of  the  Geological  Sarrey  (ColonieB),  1860. 
«  Chemical  and  Physical  Geology,  Vol.  I,  pp.  281-88,  (1854). 
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in  either  case.  The  distilUte  tteoiy  has  been  rather  unfairly  handled,  the 
cbief  bone  of  ixmtention  being  a^in  the  iirepiossible  carbon  residnam.  Becanse 
coal  and  pyroscfaists  are  found  in  tlieir  normal  state  in  close  proximity  with 
petroleam,  becanse  the  reeidoal  oarbon  it  not  fonnd  with  or  close  by  the  oil,  the 
posEiibilit;  of  derivation  by  distillation  is  denied.  Or  again,  becanse  all  the  rocks 
below  a  petroleam  bed  are  not  smudged  with  oil,  the  possibility  of  its  having 
come  from  below  is  rejected.  This  latter  difGonlty  is  the  least  reasonable,  as  it 
assumes  tbat  the  distillate  would  take  the  most  difScnlt  route  toreaoh  its  destina- 
tion, namely  tho-direct  one,  across  the  bedding  of  the  interveoing  rocks.  Under- 
gronnd  water  does  not  percolate  in  this  faskioc,  and  why  should  petroleum, 
whether  bb  liquid  or  as  vapour  P  In  the  latter  case  too  it  seems  dear  that  it 
wonid  not  be  precipitated  until  it  found  its  appropriate  condenser,  and  there 
seems  no  limit  to  the  oironit  or  the  distanoe  it  might  have  to  travel  before  reach- 
ing that  resting-place.  Then  as  regards  the  great  crox,  it  should  be  remembered 
that  there  aire  immense  stores  of  residnal  oarbon  in  the  older  stratified  formations, 
whether  in  the  state  of  anthracite  or  of  graphite,  both  massive  and  diffosed.  It 
can  hardly  be  demanded  that  it  should  appear  in  the  form  of  coke  :  it  seems  presum- 
able that  after  all  the  oxygen  of  coaly  or  other  organic  matter  hod  been  eliminated , 
the  final  step  in  the  production  of  anthracite  or  graphite,  ander  the  influence  of 
gentle  heat,  would  be  the  evolution  of  hydrooarbons.  It  has  moreover  been  sug- 
gested that  for  marine  ^oimals  and  plants,  which  together  supply  no  doubt  the 
chief  bulk  of  fossil  remains,  the  proportion  of  carbon  to  be  aoeounted  for  is  much 
leas  than  in  the  land  vegetation  forming  the  bans  of  coaL  It  is  to  soma  such 
action  as  this  that  Mr.  Carll  appeals  as  the  origin  of  the  great  oU  deposits  of 
Pennsylvania  which  he  well  nigh  demonstrates  not  to  be  indigenous  (either  innate 
or  connate)  in  the  deposits  where  it  accumulated.  As  an  objection  to  making  this 
process  universal,  if  ao  foolish  an  attempt  were  mode,  one  might  nrge  the  imper- 
meabilitiy  of  some  rooks  in  which  petroleum  is  found,  such  as  the  stiff  olays  of 
Boumania  already  referred  to,  or  the  oocnrrence  of  oil  in  the  cavities  of  fossils  in 
the  midst  of  a  dense  limestone.  Both  these  instanoes  have  reasonably  been 
taken  as  evidence  of  indigenous  origin ;  but  indeed,  when  we  find  geodes  filled  with 
snccessive  layers  of  minerals  in  the  midst  of  compact  basalt  it  is  difficult  to  place 
limits  upon  the  possibilities  of  permeation. 

12.  The  foregoing  notice  of  the  oorrent  speculations  regarding  the  origin  of 
petroleum  should  be  of  some  service,  if  only  to  explain  the  unoertointy  that 
exist  as  to  its  distribution  in  any  particular  locality.  With  so  ample  a  stoi 
raw  material  as  is  provided  by  fossil  remains  in  the  prodigious  acoumnlatio 
stratified  rooks  ;  also,  with  the  agenoy  of  conversion,  by  slow  increase  of  pre 
and  temperature,  provided  in  the  changes  to  which  those  rocks  are  in  every  di 
subjeetfld,  there  is  no  ezcnse  for  appealing  to  the  more  or  less  occult  reao< 
of  the  earth's  inner  laboratory,  so  this  view  of  theoriginof  petroleum  as  a  'mi 
oil '  has  been  generally  abandoned,  though  it  might  be  raah  to  assert  thf 
such  phenomenon  ever  took  place.  The  fact  that  in  its  most  prolific  depositt 
oil  is  not  indigenous  is  the  most  salient  result  of  post  experience ;  but 
fully  accepted  that  in  some  deposits  it  is  so,  and  snob  is  evidently  a  ooroUai 
the  approved  mode  of  origin  :   the  compulsion  to  leave  its  birth.place  wonld 
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extra  exercise  of  the  eonditiona  that  brought  about  its  formatioii ;  ia  many  cane 
it  would  onlj  be  the  surplus  product  that  would  have  to  find  aooommodation 
elsewhere, 

Thb  Pbnvstltahia  oil  bboiok. 

13.  The  most  extensive  and  most  productive  petroleum  region  as  jet  worked 
is  that  stretching  as  a  long  belt  from  Canada  into  Tennessee  west  of  the  Appala- 
chian mountains  in  eastern  North  America.  The  total  area  of  this  region  is  estim- 
ated at  200,000  square  miles.  The  great  series  of  palsdozoic  formations,  which  have 
been  crumpled  up  to  form  the  mountain  range,  are  practicallj  undisturbed  in  the 
oil  region,  having  only  a  gently  undulating  inclination,  averaging  25  feet  in  the 
mile,  in  a  south-westerly  direction.  In  1885  the  yield  of  oil  from  this  region  wu 
21,600,000  barrels  (of  42  gallons  each),  from  20,000  more  or  less  productive  weDs. 
The  richest  fields  occur  in  Western  Pennsylvania,  and  a  full  description  of  them, 
by  Mr.  J.  F.  Oarll,  was  issued  by  the  (Geological  Survey  of  Pennsylvania  in  1880. 
The  section  in  figure  1  of  the  annexed  plate  I  is  reduced  from  one  given  in  that 
work.  It  represents  a  distance  of  225  miles.  The  vertical  scale  is  20  times  that 
of  the  horizontal  scale,  so  that  the  apparent  dip  of  the  strata  is  much  exaggerated. 
The  accumulated  thickness  of  the  formations  amounts  to  6,400  feet,  extending  from 
the  upper  coal-measures  in  the  south-west  down  to  the  comif erous-limestone  (bottom 
devonian),  which  forms  the  Black  Bock  outcropping  in  the  Niagara  river  just  below 
Lake  Erie.  In  Canada  this  rock  passes  again  underground  and  is  the  prindpiJ 
source  of  the  Canadian  petroleum ;  but  oil  is  found  at  a  much  lower  horizon,  in 
the  Trenton.limestone  (lower  silurian),  where  there  is  no  underlying  fossiliferons 
rock — a  fact  insisted  on  by  Dr.  Sterry  Hunt  as  proving  that  the  oil  must  be  indi- 
genous in  this  limestone.  In  the  same  contention  this  authorify  also  shows  that 
the  Niagara-limestone  (upper  silurian)  of  Chicago  at  its  outcrop  still  holds  4'25 
per  cent,  of  oil  diffused  in  its  substance. 

14.  Four  principal  oil  groups  are  represented  in  the  section,  within  a  thickness 
of  about  4,500  feet  of  strata,  from  the  Bradford-sand  in  the  north-east  to  the 
Mahoning-sand  in  the  south-west.  There  are  several  other  productive  bands  of 
less  importance.  The  groups  of  strata  in  which  these  oil  beds  occur  are  more  (ur  less 
continuous  over  very  large  areas,  the  productive  oil  beds  in  each  being  much  more 
restricted.  In  all  cases  these  beds  are  sands  and  gravels,  the  output  of  the  field 
being  proportional  to  the  porosity,  thickness,  and  extent  of  the  'oil-sand.'  These 
are  very  variable  and  irregular  elements,  as  is  always  the  case  with  coarse  depo- 
sits. The  thickness  of  an  oil-sand  has  been  found  to  range  up  to  120  feet.  Owing 
to  the  innumerable  borings  that  have  been  made,  perhaps  most  of  them  without 
success,^  the  horizontal  distribution  of  the  several  oil-sands  has  been  veiy  closely 
fixed ;  they  mostly  have  an  elongated  shape,  as  is  the  habit  with  sand  banks* 
The  Bradford  field  covers  about  133  square  miles.  In  every  case  the  oil-sands  are 
overlaid  by  fine  impervious  shales.  Throughout  the  greater  part  of  the  oil  region 
there  was  little  or  no  surface  indication  of  the  occurrence  of  oil  in  the  ground, 
though,  of  course,  such  did  appear  at  or  near  the  outcrop  of  the  oil-rocks.     The 

>  Amongst  these  was  the  deepest  well  yet  squ^e  m  that  region — Watson's  Well,  at  TitusTille, 
8,553  fe«t  Ueep,  of  whioh  2.263  were  below  ooean  level. 
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most  prodnctiTe  Bonroes  were,  as  might  bd  expected,  at  a  distance  from  where  a 
natiURal  escape  had  been  effected.  ^ 

15.  From  the  facts  before  ns  it  is  plain  that  the  distribution  of  the  petroleum 
in  this  region  has  very  little  to  say  to  geological  horizons  in  their  particular 
(chronological)  sense ;  but  Mr.  Carll  notices  an  apparently  important  feature  in 
its  vertical  distribution.  He  remarks  that  all  the  productive  measures  occur 
within  a  level  zone  of  1,500  feet ;  that  although  a  large  number  of  deep  holes  have 
been  put  down  none  have  produced  oil  at  a  depth  of  more  than  500  feet  below 
ocean  level,  and  very  rarely  at  more  than  2,000  feet  from  the  surface.^  Gas  on 
the  contrary  appears  here  to  be  a  universal  product,  confined  to  no  particular 
horizon  or  locality  (Z.  o.^  p.  111).  These  ^ts  primd  fade  suggest  that  the  posi- 
tion of  the  oil  was  determined  by  a  zone  of  condensation  and  of  catchment  of 
volatile  products  distilled  from  underlying  rocks.  The  particular  conditions 
would  agree  with  this  interpretation :  coarse  sand  banks  are  the  least  propitious 
ground  for  the  accumulation  of  organic  matter,  while  such  matter  is  known  to  be 
present  abundantly  in  the  shaly  and  calcareous  strata  underlying  these  oil- measures 
to  a  great  depth.  The  notion  that  the  oil  occurs  in  crevices  and  cavities  has  not 
been  confirmed  by  observation  in  this  field ;  the  porosity  of  the  sands  themselves 
is  sufficient.  Mr.  Carll  is  careful  not  to  propound  these  observations  as  of  uni- 
versal application,  and  it  is  obvious  to  the  geologist  how  certain  conditions 
might  alter  the  figures  of  the  problem,  but  it  is  certain  that  the  results  are  the 
most  important  contribution  as  yet  made  to  the  question  in  hand.  It  is  now  ^ 
generally  accepted  as  proven  that  for  the  most  part  the  petroleum  with  which  the 

*  pools '  of  the  eastern  North  American  basin  were  so  oopioqsly  charged,  was  not 
indigenous  in  those  '  oil-sands.* 

16.  It  is  of  greater  importance  for  us  to  notice  how  essentially  the  wealth  of 
these  oil  measures  depends  as  much  upon  their  actual  as  upon  their  original  strati- 
graphical  conditions— on  the  fact  that  the  strata  are  still  practically  undisturbed. 
The  formation  of  these  pools  depended  upon  the  prior  formation  of  the  more  or 
less  isolated  lenticular  banks  of  sand  and  pebbles,  and  upon  these  being  more  or 
lees  hermetically  covered  by  finer  deposits;  but  the  preservation  of  them  de- 
pended no  less  upon  that  favourable  arrangement  being  undisturbed.  The  per- 
meability of  strata  is  incomparably  more  easy  along  than  across  the  bedding  \  an 
almost  imperceptible  film  of  finer  deposit  might  exercise  a  very  important  con- 
trol upon  the  circulation  of  fluids  underground.  It  is  evident  that  when  strata 
become  tilted  and  broken,  the  conditions  of  circulation  are  wholly  altered ;  porous 
beds  that  before  were  lying  flat,  and  safely  covered  over,  become  turned  up  and 
brought  within  easier  reach  of  denudation,  whereby  they  expose  outcrops  at  the 
surface ;  or  cracks  are  more  or  less  abundantly  formed,  ofPering  egress  where  be- 
fore there  was  none.  A  fluid  under  elastic  pressure  must  avail  itself  of  such 
means  of  escape  from  its  original  prison-house.  These  conditions  have  been  fully 
recognised  in  practice :  in  a  paper  read  before  the  American  Institution  of  Mining 

'  Mr.  Carll  (I,  e„  p.  151)  further  emphaaisM  the  fact  that  two  oil  groops  are  never  fonnd  in 
the  same  vertical :  the  Warren  groap  has  never  been  found  directly  beneath  the  Venango  group,  nor 
the  Bradford  oil-tand  directly  beneath  the  Warren  group.  It  is  not  quite  clear  whether  only  the 
oil  is  wanting,  or  also  the  sand  beds :  as  only  the  former  case  would  be  '  remarkable '  in  this  connec- 
tion it  is  presumed  that  this  is  intended. 
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Engineers  in  September  1885|  Mr.  G.  A.  AshbumW)  G-eologist  in  diarge  of  i]ie 
Pennsylvania  Survey,  remarks — "That  the  absence  of  both  petroleum  and 
natural  gas  in  our  plicated  strata  east  ci  the  oil-regions  is  to  be  explained  by  the 
cracking  of  the  rocks  would  seem  to  be  evident,  since  the  survey  of  the  outcrop- 
ping rocks  and  a  study  of  the  records  of  dry  wells  show  that  the  oil-  and  gas-sandB 
extend  far  beyond  the  limits  of  the  area  of  the  region  in  which  any  traces  of  oil 
or  gas  have  ever  been  found.  Even  within  the  area  where  oil  and  gas-weDs 
have  been  found  the  cracking  or  jointing  of  the  rocks  must  have  a  potent  in- 
fluence upon  the  amount  of  oil  or  gas  obtained  in  certain  localities.*' 

17.  Very  partial  disturbance,  such  as  these  measures  have  undei^ne,  may 
even  help  the  concentration  of  the  oil,  which  would  naturally  rise  to  the  highest 
part  of  a  bed  that  had  undergone  slight  tilting  or  curvation.  Hence  ihe  craze 
that  so  long  prevailed  regarding  a  connection  of  oil  with  anticlinal  axes.  To  a 
certain  point  it  is  true  enough ;  but  on  the  other  hand  an  anticlinal  axis  is  the 
most  likely  position  for  fractures,  and  even  were  the  rocks  not  broken  thi8positio& 
is  obviously  the  one  to  be  soonest  exhausted. 

18.  Although  the  immense  energy  displayed  in  developing  the  industry  of  the 
oil  fields  under  notice  has  given  us  data  for  a  fair  understanding  of  their  structure 
and  extent,  it  is  lamentable  that  some  check  was  not  put  upon  the  prodigious  waste 
of  those  great  natural  and  national  resources  through  the  reckless  competition  of 
g^edy  adventurers.  Forests  are  protected,  although  renewable ;  but  in  mineral  re- 
sources, which  are  limited  quantities,  it  is  among  men  and  nations  a  race  of '  devil 
take  the  hindmost'  in  squandering  all  that  can  be  laid  hold  of,  heedless  of  the  waste 
caused  by  the  scramble.  The  most  prolific  of  gushing  wells  ere  long  settle  into 
pumping  wells ;  the  average  life  of  wells  in  Pennsylvania  is  five  years.  Already 
there  is  notice  of  coming  exhaustion  in  this  great  region :  last  year  on  the  occasion 
already  quoted,  Mr.  Ashbumer  remarked-—"  That  the  general  boundaries  of  the  oil 
regions  of  Pennsylvania  are  now  well  established,  there  is  but  little  doubt ;  and 
that  all  the  sand  in  which  oil  will  ever  be  found  in  paying  quantities  are  known 
and  have  been  drilled  through  at  different  localities  in  the  oil-regions  seems  qnite 
certain,  so  that  we  can  have  no  reasonable  expectation  that  any  new  and  exten- 
sive field  will  be  found  which  could  compare  in  area  or  in  the  amount  of  oil  to  be 
obtained  from  it  with  the  Butler,  Clarion,  and  Armstrong  pool,  the  Oil  City  and 
Pleasantville  pool,  the  great  Bradford  pool  or  the  Allegany  pool.  •  •  •  It  is 
estimated  that  in  July  1883  there  were  in  the  region  17,000  producing  weUs,  the 
average  daily  product  of  which  was  3*8  barrels.  In  July  1884,  there  were  21,844 
producing  wells,  and  the  average  daily  product  was  3  barrels ;  and  in  July  of 
this  year  [1885]  it  is  estimated  that  there  were  22,524  producing  wells,  the 
B.verage  daily  product  being  2*5  barrels.  A  defined  territory,  a  product  in- 
adequate to  meet  the  demand  of  the  market  for  the  past  eighteen  months,  a 
growing  market  and  rapidly  diminishing  stocks,  an  increasing  number  of  drilling 
and  producing  wells,  and  a  rapidly  falling  daily  average  product  from  wells,  are 
all  significant  signs  of  a  certain  decline  in  a  great  industry/' 

Baku. 

19.  The  only  known  petroleum  region  at  all  comparable  as  to  productiveness 
with  the  great  American  basin  is  that  of  Baku,  where  the  range  of  the  Caucasos 


PAET  4.]      Mkdlicott  :  Note  on  the  oecnrrence  of  petroleum  in  India.       195 

ends  at  the  Caspian  sea  in  the  peninsnla  of  Apsheron.  It  will  be  instmctive 
to  Bee  in  what  other  features  these  unparalleled  oil  measures  are  alike.  The 
geological  information  regarding  the  Baku  ground  is  comparatively  scanty, 
because,  notwithstanding  the  prodigious  output  of  oil,  the  workings  are  still 
limited  within  an  area  of  five  square  miles.  The  wells  too  are  of  very 
moderate  depth,  the  deepest  as  yet  being  only  840  feet.^  This  would  seem  to 
warrant  the  judgment  that  this  spot  can  only  be  the  natural  focus  of  a  very  ex- 
tensive oil  region.  In  geological  age  the  two  measures  are  about  as  different  as 
they  could  be,  the  American  rocks  being  lower  paleaozoic,  while  those  of  Baku  are 
middle  tertiary ;  but  we  have  already  seen  that  the  geological  horizon  has  little 
to  say  in  the  matter.  The  rocks  too  are  quite  dissimilar,  beyond  the  common 
characters  that  clays,  sands,  and  limestones  of  every  age  must  exhibit.  The  oil  at 
Baku  is  held  in  irregular  banks  of  sand  between  strong  beds  of  clay,  with 
some  limestone.  The  critical  feature  of  resemblance  is  that  at  Baku  also 
the  measures  are  nearly  horizontal,  and  there  can  be  no  doubt  that  the  profuse 
abundance  of  the  supply  is  immediately  due  to  this  condition,  and  that  the  oil  in 
these  sands  is  accumuhtted  from  underlying  or  adjacent  rocks.  The  strata,  so  far  as 
visible  at  the  surface,  are  remarkably  wanting  in  organic  remams.  In  figure  2  I  have 
reproduced  Abioh's  section  of  the  Apsheron  peninsula  at  the  oil  wells,  from 
which  it  is  plain  that  these  are  situated  at  the  crest  of  a  very  flat  anticlinal. 
The  section  is  copied  from  the  M^moires  de  TAcad^ie  des  Sciences  de  Saint- 
Petersbourg,  Ser.  vii.  Vol.  vi,  of  1863,  but  it  is  quoted  up  to  date  as  the 
authority,  for  which  Abich's  name  is  sufficient  guarantee.  The  present  (1885) 
annual  output  at  Baku  is  given  as  1,000,000  tons ;  the  100  wells  now  active 
yielding  an  average  of  about  32  tons  per  day.  A  single  well  has  given  as  much  as 
140  tons  a  day  for  ten  years,  the  oil  standing  at  51  feet  from  the  surface ;  it 
ultimately  failed  altogether.  Here  too  incipient  local  exhaustion  has  been 
noticed ;  in  a  paper  in  the  Mining  Journal  of  St.  Petersbui^  for  September  1885 
Mr.  F.  Vasilieff  mentions  a  marked  increase  in  the  proportion  of  water  admix- 
ture,*  indicating  exhaustion  of  the  oil ;  but  in  this  region  it  would  seem  likely 
that  there  is  ample  room  for  extension. 

COMPABISONS. 

20.  In  every  other  description  I  can  find  of  petroleum  diggings  all  over  the 
world,  so  far  as  intelligible,  they  differ  from  the  two  leading  cases  already  given, 
in  the  circumstance  that  the  strata  are  mtlch  disturbed. 

21.  The  further  exploration  of  the  Punjab  oil  measures  has  recently  been 
vigorously  urged  upon  the  Government  by  a  distinguished  officer,  who  has  been 
ten  times  at  Baku  and  made  a  special  study  of  the  petroleum  workings  there, 
and  who  has  also  examined  the  Punjab  oil  measures.  His  recommendations  are 
based  upon  the  striking  similarity  of  the  two  fields.  He  observes  that  *'  unless 
a  geolc^ist  or  expert  had  actually  visited  the  petroleum  wells  at  Baku,  I  should 
not  value  his  opinion  for  the  reasons  that  I  perceive  a  striking  resemblance 

>  Vasilieff :  September  1885. 

'  As  this  water  is  probably  flooding  water  (from  above),  the  symptom  is  not  so  bad  as  it 
migbt  otherwise  be. 


/ 
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between  the  country  and  soil  near  Gnnda  and  that  which  forms  the  Aspheron 
peninsula."  To  illustrate  this  remarkable  observation  I  have  leproduced  in 
figure  3  Mr.  Wynne's  section  of  the  Punjab  area,  from  Vol,  X  (1877)  of  the 
Records  of  the  Geological  Survey.  It  crosses  the  very  place  mentioned  (Gunda) 
at  a  short  distance  north  of  Fatehjang;  the  oil  occurs  in  the  nummulitic 
strata,  numbered  5  and  6.  A  comparison  of  this  section  with  those  of  figures  1 
and  2  will  scarcely  bear  out  the  'striking  resemblance'  asserted  in  the  quotation 
just  given :  the  oil  measures  of  the  Punjab  are  about  as  much  disturbed  as  rocb 
can  be,  which  fully  accounts  for  the  state  in  which  we  find  the  oil ;  for  ages  it 
has  had  free  vent  at  the  surface,  the  only  check  being  the  porosity  of  the  con. 
taining  strata.  If  the  example  quoted  from  Mr.  Ashbumer  of  the  American  oil 
measures  as  represented  in  the  flanks  of  the  Appalachians,  were  to  be  hastily 
taken  as  a  precedent,  there  would  be  little  hope  for  the  Punjab  oil ;  but  the  cases 
are  not  quite  parallel,  and  with  petroleum  no  precedent  would  be  safe.  Besides 
we  have  here  the  crucial  fact  that  there  is  still  oil  in  the  ground,  notwithstanding 
the  exhausting  conditions  of  the  Punjab  cHmate.  But  any  prospect  of  even  a 
distant  approach  to  the  Baku  standard  must,  I  think,  be  given  up.  All  the 
Indian  oil  measures  are  in  about  the  same  geological  horison  (eocene)  and  in  much 
the  same  condition  as  to  disturbance,  the  Irawadi  region  least  so;  but  they  vaiy 
greatly  in  apparent  fruitfulness,  the  Punjab  region  being  decidedly  the  least 
promising. 

Califobnian  region. 

22.  I  have  searched  all  the  accounts  I  could  find  of  the  occurrence  of  petro- 
leum in  disturbed  measures,  for  any  hints  that  might  be  of  service  in  exploring 
our  Indian  rocks,  but  with  very  little  success.  This  is  not  surprising  when  nn- 
certainty  in  every  condition  is  the  rule.  Such  works  are  moreover  incomparably 
less  extensive  in  every  way — in  area,  in  the  number  and  depth  of  the  workings— 
and  have  consequently  received  less  attention.  In  America  the  next  most  im- 
portant measures,  but  far  inferior,  to  those  of  the  Appalachian  basin,  are  found  in 
the  tertiary  rocks  of  the  coast  ranges  on  the  Pacific,  chiefly  in  Califomia.  In- 
formation on  this  ground  is  very  scanty.  Even  in  the  elaborate  report  on  petro- 
leum, drawn  up  by  order  of  Congress  for  the  tenth  census  of  the  United  States 
in  1882,  Mr.  S.  F.  Peckham  mentions  the  extensive  operations  of  the  Pacific 
Coast  Oil  Company,  but  regrets  that  he  was  unable  to  obtain  any  particulars  in 
reference  to  the  production  of  their  wells.  He  has  to  refer  to  results  in  that 
region  generally  as  confirming  the  opinion  he  had  expressed  after  his  exploration 
there  in  1866,  that  "the  expectation  of  extraordinary  results,  that  will  admit 
of  comparison  with  those  produced  in  Pennsylvania,  must  be  set  aside.  The 
expectation  of  a  fair  return  and  a  permanently  profitable  investment  may  be 
reasonably  entertained;  and  the  application  of  capital  on  this  basis  to  this 
interest  will  make  it  of  great  importance  to  the  State."  The  measures  seem  to  lie 
chiefly  in  mountainous  ground,  in  very  disturbed  rocks.  There  are  frequent 
deposits  of  asphalt  and  of  maltha  at  the  surface  from  the  evaporation  of  exaded 
petroleum.  Even  underground  this  effect  is  observed,  and  to  be  in  direct  propor- 
tion to  the  ease  with  which  rain-water  could  percolate  the  strata.  The  oil  pri- 
marily occurs  in  strata  of  shale,  interstratified  with  sandstones  of  enormous  thick- 
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ness.  Mr.  Peckham  mentiaiia  that  he  "  nowhere  observed  the  petroleum  saturating 
the  sandstone,  although  it  sometimes  escaped  from  crevices  in  it ;  nor  was  the 
bitumen  held  in  crevices  of  large  size  nor  under  a  high  pressure  of  gas^  as  the 
disturbed  and  broken  condition  of  the  strata,  folded  at  vezy  high  angles,  pre- 
cluded such  a  possibility."  He  considers  the  oil  to  be  indigenous  (innate)  in 
the  shales.  In  hilly  ground,  and  in  such  rocks,  the  oil  is  often  got  at  by  tunnels, 
or  drifts,  for  which  practice  a  synclinal  structure  of  the  strata  in  the  range  is 
obviously  the  most  propitious.  The  exploitation  of  this  oil  region  is  at  present 
evidently  held  in  abeyance  by  the  profuse  output  of  the  eastern  region;  still 
Mr.  Peckham  estimates  the  yield  for  the  census  year  at  about  1,000,000  gallons. 

Edbofb. 

23.  The  most  productive  oil-ground  in  Europe  seems  to  be  along  the  flanks  of 
the  Carpathians — ^in  Gulicia,  Boumania  (Moldavia  and  Wallachia)i  and  Transyl- 
vania (Siebenburgen) — where  of  course  it  has  received  due  doctorial  attention. 
Mr,  Redwood^  notes  the  production  of  crude  petroleum  in  GaUoia  for  188S  as 
follows  :— 

Cwt. 
West  Galloia-- 

1.  Saadesandi^rlice 91.500 

2.  Juslo  snd  Sanok 44^iK)0 

East  Qalicia— 

8.  Sambor  and  Drohobyez 78,600 

4.  Kolomea 800,000 


410,000 


There  were  then  3,600  producing  wells.  The  third  district  produced  in  addition 
105,200  cwt.  of  ozokerit  (crude  paraffin  wax).  The  most  productive  ground 
of  the  Kolomea  district  was  not  opened  until  1881,  and  at  the  end  of  1883  it  was 
reported  to  be  yielding  550  barrels  of  oil  per  day  within  an  area  of  1,500  metres 
in  length  and  350  to  500  metres  in  breadth.  The  number  and  depth  of  the  wells 
are  not  given.  The  oil-measures  of  Galicia  occur  at  several  different  horizons 
in  cretaceous  and  tertiaiy  rocks :  some  of  the  latter  correspond  with  those  of 
India^  and  all  are,  like  these,  in  highly  disturbed  strata. 

24.  In  1859  M.  F.  Foetterle'  mentions  that  in  West  Qalicia  many  wells,  over 
60  feet  deep,  produce  at  first  the  ''  not  inconsiderable  quantity  of  12  gallons  in 
half  a  day,"  the  other  half  being  apparently  allowed  for  accumulation ;  the  oil  is 
skimmed  from  the  surface  of  the  water  with  which  it  percolates  to  the  well.  The 
oil  comes  from  the  crevices  in  a  much  shattered  black  bituminous  shale  inter- 
bedded  with  sandstones  (eocene) .  He  attributes  the  gradual  decline  in  the  yield  to 
the  slow  natural  process  of  production,  which  he  assigns  (without  explanation)  to 
the  action  of  decomposing  pyrites  sparingly  disseminated  through  the  carbona- 
ceous shale,  under  the  influence  of  atmospheric  agencies.  Mr.  Foetterle  describes 
the  wells  at  Boryslaw  and  Truskawice  in  East  Qalicia  as  in  somewhat  newer  rocks 
in  which  the  oil  completely  saturates  a  soft  sandstone. 

1  Petrolenm  and  its  Products  :  Journ.  Soc.  of  Arts,  Vol.  XXXIV  (IH86),  p  818. 
'  Jahrbach  d.  k.k.  Qeol.  Reichsnnstalt,  Vol  X  :  Verhandlungeii,  p.  183. 
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25.  Dr.  von  Hochstet^iier^  describes  the  principal  oil  tract  in  West  GhJicia  as 
about  14  miles  long  (E.— W.)  by  1  mile  broad,  near  New-Sandec ;  the  othen 
being  some  40  miles  farther  east,  on  the  same  strike.  They  appear  to  correspoBd 
more  or  less  with  the  menilite  zone  (middle  eocene),  so  called  from  the  frequent 
nodnles  of  menilite  (a  semi-opal),  It  is  an  nndolating  hill  oonntry,  some  2,000 
to  3,000  feet  in  elevation,  forming  a  broad  belt  between  the  Carpathian  axis  and 
the  allavial  land  on  the  north-east.  The  rocks  are  massive  sandstones  with 
alternating  sandy  shales  and  marly  clays,  all  steeply  folded.  The  wells  are  from 
four  to  eleven  fathoms  deep,  the  sinking  being  continued  as  the  oil  gets  exhausted 
and  until  the  water  becomes  too  troublesome,  when  it  is  found  cheaper  to  open 
other  shallow  wells.  In  this  way  the  wells  are  only  from  two  to  three  fathoms 
apart.  The  Mikowka  shaft  is  twenty-one  &thoms  deep ;  at  six  to  seven  fathoms 
it  yielded  about  4  owt.  of  oil  daily,  but  the  quantity  duninished  as  the  shaft  went 
deeper.  There  is  no  stratigraphical  observation  to  account  for  this,  but  it  may 
be  presumed  that  the  shaft  passed  into  less  oily  beds.  The  Folinovka  pit  dose 
by  is  also  twenty-one  fathoms  deep,  but  yielded  little  oil,  and  further  work 
was  stopped  by  the  influx  of  inflammable  gases.  The  Ferdinand  shaft  at 
two  fathoms  got  into  grey  shaly  clay  full  of  oil,  but  no  flow  took  place  till  the 
water  was  reached,  when  the  oil  flowed  freely.  This  occurred  in  several  shafts, 
the  oil  increasing  with  the  flow  of  water.  In  some  places,  for  a  square  mile  in 
extent,  the  whole  ground  seems  saturated  with  oil ;  elsewhere  gas  and  earth-wax 
(ozokerit)  are  the  only  signs  of  the  oil,  which  probably  exists  at  greater  depths. 
Wells  close  to  each  other  yield  quite  different  quantities  of  oil,  and  that  only  for 
a  certain  time,  when  they  have  to  be  deepened.  It  is  asked  then.  What  would  he 
the  prospect  of  deep  borings  on  the  American  system  ?  Upon  the  supposition 
BUg^gested  by  M.  Foetterle,  that  the  oil  is  produced  near  the  surface,  there  would 
be  none.  But  Dr.  Hochstetter  remarks  that  he  found  neither  bituminous  shales 
nor  pjrrites  in  any  abundance ;  the  beds  in  which  the  oil  appears  are  sandy  and 
earthy  shales  poor  in  ''  bituminous  matter,"  occurring  in  a  definite  narrow  aone 
with  a  constant  strike ;  and  he  agrees  with  M.  Foetterle  as  to  the  horizon  of  that 
zone ;  yet  he  goes  on  to  say  that  he  considers  these  rocks  to  have  nothing  to  do 
with  the  oil  otherwise  than  as  vehicles ;  that  the  oil  is  not  indigenous  in  these 
beds  through  which  it  reaches  the  surface,  but  is  the  product  of  thp  deatructiTe 
distillation  of  organic  matter  at  great  depths,  in  coal-measures  or  other  rocks 
that  may  be  supposed  to  underlie  the  Carpathian  sandstones.  He  indicates 
vaguely  the  diff erenee  of  stratigraphical  conditions  here  and  in  Pennsylvania 
where  the  oil-beds  are  struck  at  definite  horizons,  whereas  in  Ghdicia  it  is  declared 
that  the  only  chance  of  abundant  oil  is  by  tapping  one  of  the  more  or  less  vertical 
deep-seated  fissures  through  which  it  rises  to  be  difEused  in  the  crushed  strata 
near  the  surface  where  it  is  now  slowly  extracted.  Here,  as  in  other  fields,  it  is 
found  that  the  lighter  oil  comes  from  the  greater  depth.  Dr.  Hochstetter  s  view 
seems  like  a  hasty  recoil  from  the  superficial  origin  suggested  by  M.  Foetterle, 
and  a  too  ready  extension  of  that  assigned  by  M.  Posepny  (to  whom  he  refers)  for 
oil  found  in  certain  newer  beds  in  East  Oalicia,  connected  with  the  great  fold- 
ing and  fissuring  to  which  all  the  strata  have  been  subjected.     He  regrets  that 

>  JahrbQch  d.  k.k.  Ocol.  Beichanstalt,  Vol.  XI  (1865),  p.  199. 
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no  facts  are  available  to  test  his  views,  for  as  yet  (1865)  no  boring  in  East  or 
West  Ghklicia  has  exceeded  500  feet,  while  it  woold  require  nnmerons  deep 
borings  to  arrive  at  any  conclusion. 

26.  The  oil-measures  are  much  more  productive  in  East  Qalicia,  and  an 
exceUent  sketch  of  them  was  given  in  1865  by  M.  F.  Prosepny.^  He  distinctly 
considers  the  oil  to  be  indigenous  in  the  bituminous  shales  with  remains  of  fishes 
and  the  bituminous  muds  with  fucoid  remains  occurring  in  the  menilite  group. 
In  the  later  official  geological  map  (1871)  this  group  is  distinguished  as  the 
Amphysilen  zone,  from  the  abundant  remains  of  the  small  fish  of  that  name; 
these  rocks  are  also  sometimes  referred  to  as  the  fncoidal  beds  of  the  Carpathian 
series.  M.  Posepny  considers  that  the  evolution  of  the  petroleum  in  these  beds 
was  encouraged  by  the  great  dislocations  and  crushing  they  have  undergone  giving 
access  to  decomposing  agents  (not  mentioned) :  and  the  same  fracturing  has  per- 
mitted the  oil  subsequently  td  find  its  way  into  contiguous  older  and  newer  rocks. 
The  very  abundant  sources  in  the  soft  miocene  sandstone  at  Borislaw  are  taken  to 
be  supplied  in  this  way.  The  workings  are  described  as  of  the  most  primitive 
and  wasteful  kind  :*  shallow  pits  (seldom  over  20  fathoms)  at  a  few  feet  apart, 
to  the  number  of  5,000,  new  and  old,  within  a  small  area.  While  in  work  a  shaft 
yields  from  5  to  80  cubic  feet  daily. 

27.  A  much  more  exact  study  of  the  petroleum  rocks  of  Galicia  has  more 
recently  been  given  by  Mr.  C.  M.  Paul,  of  the  Austrian  Oeological  Survey .• 
His  arrangement  of  the  Carpathian  rock-series  would  seem  to  involve  consider- 
able changes  in  the  official  map  of  1871.    The  following  groups  are  indicated  :— 

6.  The  neogene  salt-marl  (lower  miocene), 

6.  The  Magura  and  Kliwa  saodfltone. 

4.  The  Menilitschiefer. 

8.  The  eocene  Carpathian  landstone. 

2.  The  middle  Carpathian  aandstone. 

1.  The  Bopiankaachiefer  or  lower  Carpathian  eandstone  (neooomian). 

Of  these,  Nos.  1,  3,  4  and  6  are  oil-producing;  but  of  course  only  in  certain  bands 
which  locally  may  be  some  metres  in  thickness.  The  oil  mostly  occurs  in  soft 
sandstone  although  no  doubt  originally  derived  from  the  associated  shales  abound, 
ing  in  organic  remains.  Mr.  Paul  has  no  doubt  whatever  that  the  oil  was  indi- 
genous in  these  latter  beds,  any  connection  of  oil-rock  with  faulting  and  Assuring 
of  the  strata  being  only  incidental.  Thus,  in  these  rocks  too  the  oil  is  not  originiJ 
in  the  beds  in  which  it  actually  occurs  most  abundantly.  Here  again  it  has  been 
observed  that  oil  appears  most  frequently  along  anticlinal  axes,  but  Mr.  Paul  veir 
sensibly  connects  this  with  the  better  exposure  of  the  beds  in  this  position,  and 
does  not  at  all  infer  the  absence  of  oil  in  the  synclinal  folds  whenever  they  can  be 
got  at.  Actually  vertical  strata  offer  the  least  favourable  condition.  His  remark 
that  in  the  few  places  where  the  oil-bearint^  rocks  are  little  disturbed  they  have  not 
proved  productive,  would  perhaps  need  further  elucidation ;  for  if  a  general  rule 
it  would  certainly  imply  that  the  squeezing,  with  evolution  of  heat^  elsewhere 

1  Jahrhnch  d.  k.k.  Geol.  Beichanstalt,  Vol.  XV,  p.  351. 

*  M.  Potepny'g  figured  section  is  as  primitiYe  as  the  native  mining  he  desorihes. 

*  Jahrhnch  d.  k.  k.  Qeol.  Reichsanstalt,  Vol  XXXI  (1881),  pp.  18M68. 
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experienced  had  been  an  effective  oattse  in  the  accnmulation,  if  not  in  the  produc- 
tion of  the  oil ;  the  latter  would  be  an  instance  of  ''  pressnre  metamorphism, "  as 
compared  with  the  regional  metamorphism  of  the  same  kind  appealed  to  bj  Mr. 
Carll.  Under  the  foregoing  conditions  it  is  mentioned  as  obvionslj  nnwise,  un* 
less  for  pnrely  experimental  pnrposes,  to  pnt  down  a  boring  or  well  on  the  actual 
spot  of  a  natnral  oil  spring ;  the  trial  should  be  made  at  some  distance,  accord- 
ing to  the  amount  and  direction  of  the  dip  of  the  oil  rock.  I  have  reproduced  in 
Plate  II  a  number  of  figures  from  Mr.  Paul's  paper,  they  will  serve  to  illustrate 
the  structural  conditions  in  such  gp?ound ;  they  are  diagrammatic  (not  to  scale) 
and  few  particulars  are  given  as  to  depths  and  yield.  Of  Mrazniea  (fig.  4)  it  is 
stated  that  pits  100  metres  in  depth  had  for  ten  years  been  yielding  about  1,400 
kilograms  each  weekly ;  while  some  had  given  ten  times  as  much.  Both  6gB.  4 
and  6  represent isoclinesy — ^flexures  in  which  all  the  beds  dip  in  the  same  direction; 
fig.  4  is  on  the  np-curve  side  of  the  flexure,  a  folded  anticlinal,  in  which  the  oldest 
beds  appear  in  the  axis  of  the  denuded  flexure ;  fig.  6  is  on  the  down-cure  side 
of  the  flexure,  a  folded  synclinal,  in  which  the  newest  beds  are  found  at  the  axis 
of  the  denuded  flexure.  This  latter  is  then  an  instance  of  productive  measnres 
in  a  synclinal ;  the  Polana  pits  proved  very  productive.  The  Schodnioa  workings 
(fig.  9)  are  among  the  most  prolific;  the  pits  are  about  160  metres  deep.^ 
For  a  time  the  Magdalen  pit  gave  80  owts.  per  day,  and  became  steady  at40cwtB. 
The  Boryslaw  mines  (fig.  10)  are  in  the  newer  rocks.  They  are  the  principal 
source  of  ozokerit.  The  area  worked  is  about  1,950  metres  long  and  700  metres 
broad,  in  which  some  12,000  pits  have  been  sunk.  Some  2,500  are  now 
producing  oil,  and  935  are  for  earth-wax.  The  principal  shafts  are  about  160 
metres  in  depth.  The  production  of  earth-wax  now  is  about  250,000  cwts.  yearly. 
The  output  of  oil  used  to  be  200,000  cwts.,  but  has  fallen  to  35,000  cwts.;  the 
winning  of  the  wax  is  so  much  more  profitable. 

India. 

The  Punjab. 

28.  All  the  petroleum  of  India  occurs  in  middle  or  lower  tertiaiy  rocks,  as 
in  Galicia  and  at  Baku.  Within  or  near  the  Rawalpindi  district  of  the  Punjab 
there  are  some  16  spots  at  which  symptoms  of  petroleum  occur.  Some  of  these 
are  very  insignificant,  the  product  being  quoted  in  teaspoonsful ;  the  best  (at 
Gunda)  yielded  for  six  months  an  average  of  about  11  gallons  a  day  from  a 
boring  only  75  feet  deep.  They  are  all  described  in  Mr.  Lyman's  report  His 
attempt  at  a  geological  correlation  of  the  rocks  at  these  difEerent  localities  is 
simply  ridiculous ;  but  that  is  of  little  practical  importance  for  immediate  purposes. 
His  views  upon  petroleum  itself  are  more  serious :  he  seems  to  have  practically 
held  to  the  view  that  pretroleum  is  for  ever  confined  to  the  bed  in  which  its  mate- 
rials were  deposited ;  a  notion  that  is  demonstrably  erroneous  for  the  greatest 
known  oil  sources ;  and  to  a  very  important  exteiit  so  in  other  regions,  as  in 
Galicia.     Upon  an  extra  arbitrary  exercise  of  this  opinion  he  actually  formulated 

'  From  the  term  UBcd,— '*  Orubo  "—I  infer  that  Ihe  extraetion  !■  by  pits,  not  bore-holei,  w- 
peciail)  an  borings  nre  sometimes  meutionod;  but  no  particulars  ure  given. 
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a  rule  (Z.  c,  p.  8),  that  the  limit  of  depth  (in  the  bed)  to  be  expected  at  any  locality 
would  be  half  the  length  of  the  outcrop  along  which  any  trace  of  petroleum  could 
be  found.  It  is  likely  that  the  indications  given  by  Mr.  Lyman  for  the  exploration 
of  these  localities  are  affected  by  these  peculiar  views :  that  a  rock  in  which  an 
accidental  exhibition  of  oil  occurred  may  have  been  indicated  in  both  directions 
as  an  oil  bed.  Still,  the  descriptions  and  the  detailed  plans  in  his  report  supply 
an  excellent  basis  for  further  explorations,  for  he  seems  to  have  been  a  good 
surveyor.  At  first  at  least,  exploration  should  be  limited  to  the  neighbourhood  of 
these  natural  springs ;  if  it  should  be  proven  that  these  are  but  a  faint  indication 
of  oil-bearing  rocks  underground,  it  may  be  permissible  to  attempt  places  where  no 
such  indications  occur.  The  fact  that  all  these  localities  occur  in  about  the  same 
geological  horizon  strongly  confirms  the  opinion  that  the  oil  lies  in  and  about  its 
original  birth-place;  see  section  fig.  3,  pi.  I;  the  oil  occurs  in  the  bands  numbered 
5  and  6. 

Khdtan. 

29.  The  best  locid  description  of  the  oil-measures  of  this  North- West  region 
is  that  by  Mr.  B.  A.  Townsend  in  his  account  of  the  Khdtan  field  in  the  Mari 
hills  of  Baluchistan,  where  he  has  recently  carried  out  some  successful  borings 
in  spite  of  most  trying  obstacles,  both  underground  and  above  it.  His  report  is 
printed  herewith.  The  identifications  of  fossils  and  of  geological  horizons  may 
not  be  quite  correct,  but  we  have  seen  that  this  is  almost  irrelevant  to  the 
question.  Not  so  however  the  theoretical  considerations  regarding  the  origin  of 
the  oil,  for  the  process  of  search  must  be  largely  influenced  thereby.  The  notion 
of  any  essential  connection  between  petroleum  and  the  salts  and  sulphurous  pro- 
ducts that  so  often  accompany  it,  is  now  very  generally  abandoned,  the  associa- 
tion being  only  incidental,  or  at  most  concomitant.  There  may  be  deep-seated 
coal  beneath  all  this  ground — ^Mr.  Oldham's  suggestion  of  Gondwana  coal-mea- 
sures in  Bajputana,  at  the  eastern  edge  of  this  geological  region,  would  be  a 
direct  hint  at  such  a  possibility — ^but  there  is  really  no  excuse  for  looking  afar  for 
what  seems  to  be  in  our  hand :  Mr.  Townsend's  own  description  is  the  most  satis- 
fying yet  on  record  that  the  oil  is  indigenous  in  these  eocene  rocks,  probably  in 
the  shales  that  are  described  as  so  densely  charged  with  organic  remains,  al- 
though the  associated  fractured  limestones  have  afforded  in  their  crevices  con- 
venient receptacles  for  the  oil.  I  certainly  think  that  this  view  should  be  the  one 
adopted  for  immediate  operations.  Upon  it,  the  Kh&tan  boring  would  seem  to  be 
at  the  base  of  the  measures,  and  may  be  already  below  them.  A  more  likely  site 
would  be  on  outcrop  No.  25  of  the  section,  though  not  necessarily  on  this  actual 
line,  better  at  a  lower  level  and  where  the  dip  is  lowest  so  as  to  cut  as  many  beds 
as  possible.  These  shales  are  described  as  themselves  oil-bearing.  The  'marine 
conglomerate,'  the  chief  oil  rock  of  Mr.  Townsend's  report  is,  I  am  pretty  sure, 
the  'limestone  breccia'  described  by  Mr.  Blanford  in  his  sketch  report  on  that 
region^  as  occurring  so  widely  at-  or  near  the  base  of  the  lower  eocene  series. 
Specimens  of  it  sent  by  Mr.  Townsend  certainly  contained  nummulites ;  and 
Khdtan  is  coloured  as  eocene  on  Mr.  Blanford's  sketch  map,  though  he  was  not 
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able  to  yiBit  that  particular  gcQiuid«  I  hare  founds  in  doBoriptioBfl  of  woxiki  in 
similar  measnree  elsewhere,  notioe  of  the  gsreat  practical  difficulty  loenlioned  hj 
Mr.  Townsend  of  keeping  a  straight  hole  in  rooks  that  tat  muoh  brokoi  or  dis- 
turbed ;  the  cutter  must  be  reflected  laterally  on  striking  a  hwd  sur&oe  oUiqnefy, 
and  so  be  diverted  from  the  plumb  line.  I  imagine  that  this  diffionlt j  has  had 
much  to  say  to  the  practice  in  QaHda  of  sinking  deep  -gitik  instead  of  boiings, 
notwithstanding  the  special  adyantages  of  the  latter  in  the  sztBaotian  of  peixo- 
leum.  But  for  the  remark  quoted  above  from  Mr.  Baul»  ifliat  ihe  meaawinB  ia 
Gkdicia  are  not  so  productive  where  little  distuxsbedt  and  for  jthe  indffwmdent  nnr 
certainty  of  their  occurring  anywhere  on  the  same  harispny'One  iBigkb  xeoanmnd 
a  splendid  place  for  a.  speculative  trial  boring  at  the  basaof  the  Kirthar  Ima- 
stone  near  Bohri  on  the  Indus.    It  will  be  tried  some  day, 

Atsam. 

80.  A  brief  notice  of  the  petroleum  springs  in  connection  with  the  coal- 
fields in  Upper  Assam  was  published  in  1865,  in  the  Memoirs  of  the  Survey, 
Vol.  lY,  Pt.  3y  p.  29,  with  a  recommendation  that  trial  boringd  should  be  made.   In 
1866  a  Calcutta  firm  obtained  a  license  to  explore  the  ground  and  commenced 
operations  in  November  of  that  year.   A  short  account  of  this  enterprise  was  pub- 
lished in  the  Survey  Records  for  1874,  Vol.  YII,  pt.  2^  quoting  also  a  ^^^ff^^llftrinn 
assay  of  the  oil,  as  compared  with  that  of  Pennsylvania  and  Rangoon  oils.    The 
results  of  the  Makum  borings  were  all  that  could  be  desired :  none  of  the  holes 
were  of  considerable  depth,  apparently  less  than  200  feet,  yet  in  some  the  oil 
spouted  intermittently  with  a  pressure  of  30  lbs.  to  the  inch,  yielding  as  much  as 
3,500  gallons  in  35  hours  from  a  single  pipe ;  the  dimensions  were  not  given. 
Notwithstanding  this  superabundant  supply  the  enterprise  broke  down,  owing  to 
the  difficulties  of  transport  from  so  remote  a  site.    A  further  notice  of  the  Aaaam 
petroleum  is  given  in  Mr.  Mallet's  report  on  the  Naga  Hills  coal-fields  (Memoirs, 
Vol.  XII,  Pt.  2),  with  an  enumeration  of  places  where  the  oil  appears  naturally  at 
the  surface.    An  apparent  connection  of  this  petroleum  with  the  coal  occurring  in 
its  immediate  vicinity  is  more  marked  than  usual.    Mr.  MaUet  mentions  having  in 
one  instance  seen  oil  oozing  out  of  the  coal  itself.    There  is  nothing,  however,  to 
confirm  the  idea  of  any  real  connection  :  this  coal  is  still  the  most  highly  '  bitu- 
minous '  coal  in  India.    Thick  soft  sandstone  is  the  prevailing  rock,  but  blue  day 
is  mentioned  as  occurring  in  the  borings ;  all  are  much  disturbed^     The  exact  age 
of  these  rocks  is  uncertain ;  they  are  more  likely  middle  than  lower  tertiaiy. 
There  can  scarcely  be  a  doubt  that  the  oil  resources  of  this  region  are  very  great 
At  present  most  of  the  best  ground  is  within  the  immense  concession  granted  to 
the  Assam  Railways  and  Trading  Company ;  but  apparently  the  oil  is  neglected.^ 

AraJcan. 

31.  The  coast  of  Arakan,  from  Cheduba  island  northwards,  exhibits  an 
immense  thickness  of  tertiaiy  rocks,  chiefiy  sandstones  and  shales,  crushed  to- 

^  I  recently  had  occasion  to  apply  to  the  Manager  at  Dibmgarh  for  a  barrel  of  oU,  bat  was 
informed  that  the  Company  tcaroely  got  eooqgh  for  t^eix  own 
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ge&BT  in  more  or  less  vertical  fbldfi.  The  same  rookd  and  feainres  oontinize 
northwards  through  Chittagong  and  the  Tipperah  and  Lnshai  hiUs  into  Gachar. 
They  are  s^Mtrateid  from  a  like  accxunidaiion  of  deposits  in  the  basin  of  the  Ira- 
iradi  hf  the  Arakan  Toma  (range),  oontinned  northwards  into  Manipnr,  com- 
posed entirely  ol  sediinentary  rocks,  the  oldest  of  whidi  sterns  to  be  of  triassic  age, 
with  some  comdderaUe  masses  of  serpentinons  emptiTO  rooks.  Sotith  of  Chedaba 
the  coast  line  is  weathered  back  to  the  axial  rocks,  ending  at  Cape  Negrais. 
The  region  of  the  islandB  and  the  adjoining  coast  has  long  been  remarkable  for  its 
numerous  nrad  TolcasioeS,  caused  as  elsewhere  by  the  eruption  of  hydrocarbon 
gases,  and  aJso  as  usnai  petroleum  occurs  freely  in  the  neighbourhood  and  has  for 
long  been  extracted  by  the  natives,  supplying  lin  export  of  as  much  iBs  40,000 
gallons  a  year  from  Eyoakpyu.  The  oil  is  very  light  and  pure,  and  can  be  burned 
in  lamps  without  refining.  An  excellent  description  of  this  ground  by  Mr.  Mallet, 
was  published  in  the  Records  for  1878,  Yol.  XI,  Pt.  2,  giving  particulars  of  the 
mode  of  occurrence  of  the  petroleum.  In  1877  European  enterprise  was  attracted 
to  this  industry  and  very  promising  results  were  at  once  obtained :  one  of  the  first 
wells,  only  30  feet  deep  with  a  boring  continued  86  feet  deeper,  gave  a  flow  into 
the  well,  yielding  at  first  about  250  gallons  a  day.  In  1879  more  extensive  works 
were  undertaken  by  the  Borongo  Oil  Company.  They  started  woi^  most  energe- 
tically, with  a  large  staff  of  skilled  workers  of  all  kinds ;  they  set  up  two  stills 
of  4,500-gallon  and  9,000-gallon  capacity ;  in  1883  they  had  24  wells  in  work 
ranging  frojn  500  to  ovcfr  1,200  feet  in  d^th ;  for  a  few  weeks  one  well  yielded 
1,000  gallons  daily,  .but  the  total  ampunt  of  crude  oil  pumped  from  10  wells 
during  the  whole  year  did  not  exceed  234,300  gallons,  of  which  they  refined  65,450 
g^ons  and  sold  the  rest  in  a  crude  state.  In  1884  the  Company  had  to  suspend 
payment.  In  the  official  report  ^  from  which  these  facts  are  io^ken  there  is  a  naive 
remark  that  goes  far  to  explain  the  whole  calamity,— '' As  yet  no  one  in  the 
Kyoukpyu  field  has  discovered  oil-bearing  strata  of  the  type  of  the  jgood  American 
or  of  the  Caspian  ^eld,  and  so  far  the  business  of  oil- winning  on  a  large  scale 
has  not  been  a  success.*^'  No  doubt  the  promoters  of  the  enterprise,  like  the 
enthusiast  alluded  to  in  para.  21,  reckoned  on  that  sort  of  thing;  it  is  the  un- 
fortunate mistake  alluded  to  in  para.  4,  yet  an  intelligent  diagnosis  of  the  ground 
should  have  warned  against  such  an  expectation.  There  are  no  doubt  very  large 
supplies  of  high  class  petroleum  to  be  got  from  this  reg^bn,  but  it  must  be  won 
by  suitable  methoijs.  In  Mr.  Carll's  work  on  the  Pennsylvania  oil-fields  he  bitterly 
kunents  the  irretrievable  loss  of  information  through  the  want  of  intelligent  record 
of  such  costly  experiments :  of  the  many  thousand  borings  put  down  in  that  region, 
not  one  record  in  fifty,  if  obtainable  at  all,  was  trustworthy.  We  may  echo  the 
same  regret  here ;  no  doubt  useful  hints  for  future  gpiidance  might  have  been 
obtained  by  intelligent  observation  of  the  numerous  borings  in  Arakan. 

SuTfnci* 

32,  'Rangoon   oil,'  under  some  other   name,  was   probably    an  object  of 
industry  in  pre-historic  times.    For  many  years   it  has  been  a  steady  article 

^  Adminiitration  of  Britifh  Barma  daring  1888-84,  p.  81. 
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of  trade  at  Rangoon.    It  almost  all  comes  from  Upper  Bnrma  and  from  the  neigh- 
bourhood of  Yenanclianng  on  tho  east  side  of  the  Irawadi  about  60  miles  above 
Thayetmyo.  The  greater  part  of  the  produce  probably  goes  to  Rangoon.  Id  1883- 
84  this  part  amounted  to  nearly  1,000,000  gallons,  mostly  taken  by  the  Rangoon 
refinery,  which  produced  640,000  gallons  of  refined  oil  during  the  year.    The  oil  is 
extracted  in  very  primitive  fashion,  by  wells  ranging  from   100  to  300  feet  in 
depth  according  to  position.     Somev^ells  yield  as  much  as  200  gallons  daily. 
Dr.  Oldham  when  with  the  mission  to  Ava  in  1855  observed  that  the  measam 
consist  of  soft  sandstones  and  shales  of  middle  or  lower  tertiaiy  age,  considerably 
disturbed.^     They  are  apparently  less  so  than  the  oil-measures  of  ArftVan.    Oils 
of  lighter  quality  are  said  to  occur  to  the  west  of  the  river  opposite  Pagan  and 
in  the  Chindwin  valley.    A  notice  of  the  small  oil  workings  in  Lower  Buima  was 
published  in  the  Records  of  the  Survey  for  1870  (Vol.  Ill,  p.  72),  and  again  in 
1873,  in  Mr.  Theobald's  report  on  the  geology  of  Pegu.*    It  is  unquestionable  that 
the  oil  resources  of  Burma  admit  of  an  indefinite  extension  of  enterprise ;  yet  the 
country  still  imports  yearly  about  2,000,000  gallons  of  kerosine  oil  from  America. 
It  is  I  think  a  safe  prophecy  that  the  oil-measures  of  Eastern  India  may  be 
supplying  half  the  world  with  light  vdthin  a  measurable  timo^hen  the  American 
oil-pools  have  run  dry. 


Report  on  the  Petroleum  Exploration  at  Kh&tan,  hy  B.A.  Towksen^  Superin- 
tendent of  Petroleum  Explorations  in  Baluchistan  (Plate  I,  fig.  4).* 

The  Boad  from  Sibi  to  EUhdtan  vid  Bioraji  Hill  passes  nearly  the  whole  dis- 
P  tance  over  the  fluviatile  deposit  which  characterizes  the 

plains  of  the  Indus  and  no  change  is  observable  until  the 
low  sand  hills  are  reached  at  Gazi,  24  miles  east-by-south  from  Sibi. 

These  low  hills  continue  with  a  gradual  rise  until  the  south  side  of  Bioraji  is 
reached;  their  composition  is  a  coarse  semi-compact  sand,  unfossiliferous,  except  an 
occasional  vegetable  marking,  with  a  few  ferruginous  concretions.  They  contain 
thin  plates  of  fibrous  gypsum,  which  increase  in  number  and  thickness  as  Bioraj 
is  approached,  and  all  have  a  low  dip,  chiefly  westward. 

At  Bioraji  a  sudden  change  to  eocene  nummulitic  rocks  is  noticeable,  and 

^  ,  there  are  not  visible  any  sitrns  of  a  gradual  passage  throngh 

Eocene  rocks,  .  _      ,.  .      n     -  ±n  i         iTv       v  «« 

miocene  and  pliocene,  to  fluviatile  rocks,   althougn  no 

doubt  the  space  between  Gazi  and  Bioraji  is  occupied  by  miocene  and  pliocene 

formations.     The  strata  on  the  south  side  of  Bioraji  are  very  much  broken  and 

faulted  and  dip  at  all  angles  between  the  horizontal  and  yertical ;  indeed  some 

are  thrown  beyond  the  vertical,  and  their  original  lower  has  become  their  preaent 

upper  surface. 

'Appendix  A  of  Colonel  Tule'a  "  Narrative  of  the  Mission  to  the  Court  of  Ava  in  1866" 
reprinted,  with  other  papers  relating  to  the  geology  and  minerals  of  Burma,  by  order  of  the  CSurf 
Commissioner  in  1882. 

9  Mem.  Geol.  Snrv.  Ind.  Vol.  X,  Pt.  2. 

>  See  para.  29  of  the  preceding  paper. 
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Approaching  KbiLtan  by  way  of  Tbali  and  tbe  Ohakar  river  valley  tbe  same 
conditions  prevail  nntil  a  halting-place,  Chakar  Tang,  is  reached,  and  here  begin  a 
series  of  low  ferrnginous  coarse-grained  sand  hills  with  strong  red  colouring; 
these  are  also  nnfossiliferons  except  slight  traces  of  vegetable  markings  and  con- 
cretions ;  they  are,  I  think,  npper  miocene.  At  Tnrkhand,  a  little  beyond  this, 
towards  Khi[tan,  eocene  rocks  are  again  abraptly  enconntered,  coming  in  with 
long  straight  ranges  from  the  north-west  bordering  the  valley  leading  to  Mandi, 
and  here  a  disturbance  has  taken  place,  producing  probably  a  rift,  which  joins  3 
miles  further  on  with  a  deep  synclinal  which  continues  to  and  beyond  the  intersect- 
ing Sart  valley,  the  latter  passing  through  E^luCtan.  At  and  near  Tnrkhand  the 
g     ..    .  disturbance  has  been  great  and  the  contortions  and  foldings 

of  the  strata  axe  surprising.  The  synclinal  and  rift  form 
the  water-course  of  the  Chukar  river.  The  fossils  found  thus  far,  differ  in  no 
way  from  those  found  at  Khi[tan  and  need  not  here  be  considered. 

Entering  the  Sart  valley  the  outer  range  on  the  right  begins  with  a  low 
g^    ..  out-cropping  of  nummulitic  limestone  dipping  to  the  north 

at  an  angle  of  60^.  Bands  of  earthy  shale  containing 
Cardita  are  inter-stratified  with  the  limestones,  and  the  latter  are  composed  chief- 
ly of  sub-angular  fragments  varying  in  size  from  an  inch  to  two  feet  in  diameter ; 
several  of  these  strata  show  a  thickness  of  from  3'  to  20' ;  a  few  hundred  yards 
behind  these  is  the  range  proper,  the  top  of  which  is  composed  of  nummulitic 
limestone,  Ksing  from  the  synclinal  in  broken  curves,  it  continues  on  to  the 
south-west,  gradually  increasing  in  height  until  the  highest  point  is  reached  at  the 
Manrani  peak,  4,800'  above  sea-level.  The  axis  of  the  range  traced  thus  far,  a  dis- 
tance of  about  5  miles,  is  that  of  a  gentle  curve  to  the  south-west  with  the  con- 
cave side  facing  the  Kh&tan  river,  the  dip  decreasing  uniformly  from  60®  to  25®, 
and  from  north  to  nearly  west  at  Maurani.  A  little  to  the  south  of  the  peak  what 
appears  to  be  a  distinct  and  separate  range  intersects  the  'Maurani  ridge  very  obli- 
quely ;  but  on  examination  it  is  found  to  be  a  continuation  of  the  original  range 
produced  by  a  faulting  of  the  latter ;  it  continues  to  bend  to  the  south  and  east 
in  irregular  heights  to  beyond  the  Bioraji  pass,  and  finally  sinks  down  to  the 
^.     -  synclinal  already  named.     It  will  thus  be  seen  that  the  axis 

of  the  whole  range  describes  an  elliptical,  or  a  rather  horse- 
shoe form,  enclosing  the  EZh&tan  valley. 

From  the  fault  oni  to  Bioraji,  the  rocks  are  thrown  into  a  great  variety  of  posi- 
tions, vertical,  and  at  every  conceivable  angle.  Beyond  Bioraji  the  dip  again 
becomes  fairly  regular  and  is  aJ^^ays  at  right  angles  to  the  axis,  outward. 

On  the  lower  reaches  of  the  river,  the  rocks  are  composed  of  angular  clunchy 
limestone  in  alternating  layers,  each  about  15'  thick,  and  between  which  are  beds 
of  earthy  shales  varying  from  3'  to  12'  in  thickness ;  all  these  strata  are  standing 
at  a  dip  of  60^  towards  the  north,  but  to  the  south-westward  they  gradually  fall 
to  about  25® ;  none  of  them  reach  the  crest  of  the  ridge,  having  been  removed  by 
denudation. 

Lying  conformably  on  the  outer  stratum  of  these  clunchy  limestones  (see  sec- 
T  •    ..  tion,  plate  I,  fig.  4)  is  a  seam  of  brown  coal  or  lignite 

about  20^^  thick,  above  and  below  which  are  a  few  inches 
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of  what  ftppears  to  be  Yolcaiuc  ash  of  sub-aerial  depomt,  within  this  seam  are 
occasional  concretionB  of  ironstone,  very  hard  and  containing  iron  pyrites,  and 
Tarritella,  &c.  The  coal  or  lignite  is  of  no  value  as  a  fuel,  as  it  ^^oontBins  lo 
large  a  percentage  of  sulphur  and  its  compounds  SA  to  make  it  unsuited  for  ooa. 
tact  with  iron  furnaces  or  boilers.  The  deposit  is  small  and  erratic,  appesring 
occasionally  further  south-west  in  the  outer  range  in  thin  ashy  plates  with  dark 
carbonised  markings. 

A  litUe  further  up  the  river  bed  on  the  left  appears  for  the  first  time  whafc  I 
...  ,         ^         have  considered  to  be  a  conglomerate  of  marine  oriffin 

on  the  surface  of  which  are  patches,  the  remains  of  a  fine- 
grained dark  blue  shaJe-like  limestone,  which  where  exposed  becomes  prominent 
because  of  its  double  jointed  structure  producing  angular  blocks,  the  whole 
resembling  a  ruined  fortification.  This  and  the  conglomerate  are  the  only  rocks 
exposed  over  the  surface  of  the  inner  mountain,  all  original  superincumbent  roeka 
having  disappeared  by  weathering  and  denudation. 

The  longest  diameter  of  the  inner  mountain  corresponds  to  a  Kne  pasBing 

through  its  centre  nearly  east  and  west,  and  such  a  line 
also  divides  the  mountain  into  two  equal  parts,  one  with 
its  strata  dipping  pretty  constantly  to  the  north,  and  those  of  the  other  to  tbe 
3Quth— -in  fact,  it  is  a  gently  folded  cone,  around  the  base  of  which  the  river  takes 
its  course  from  the  eastward,  the  valley  embracing  the  space  between  tl^  and 
the  inner  base  of  the  outer  range. 

From  an  elevated  position  the,  whole  presents  the  appearance  of  a  volcanic 

crater  with  a  cone  in  its  centre,  but  only  in  appearance,  aa 

Crater  appearance.  ,  *  . .       .        .   .     •    ,,  . - 

^'^  not  a  trace  of  true  volcanic  origin  is  discoverable. 

A  transverse  section  of  the  range,  valley,  and  a  portion  of  the  cone  is  shown 
^^  in  fig.  4.     This  section  is  made  to  bisect  the  maidan  (plain 

or  terraoe)  on  which  are  located  two  borings  for  petroleum, 
and  is  fairly  representative  of  the  charactei;  of  the  whole  range. 

Beginning  at  the  top  of  the  range  shown  in  section,  we  find  a  pronunent  and 
heavy  stratum  of  nummulitic  limestone,  about  30(y  thick  at  this  pointy  marked 
Nos.  1,  a,  3,  4.  No.  1  is  massive  of  slightly  yellow  colour  and  is  rather  porons 
although  very  firm;  it  is  uncrystallized  and  abounds  in  nummulites,  naufafi  and 
other  molluscs  and  radiates.  Strata  2,  3  and  4,  also  nummulitic,  differ  from  No. 
1  oddy  in  colour  and  texture,  2.  being  massive,  of  a  pale  yellow  colour,  and  hard 
and  olunchy  in  structure.  No.  3  is  identical  with  Ifo.  1.  No.  4  is  very  white, 
rather  soft  and  chalky  \  all  contain  nummulites  and  break  with  a  fracture  vetti- 
eal  to  their  line  of  bedding  in  planes,  not  unlike  basalt.  Nos.  5,  7,  9, 11«  13  and 
15  are  all  strong  beds  of  light  brown  earthy  limestone^  and  betwetn  tbemare 
numerous  bands  of  thin  limestone  from^  1  inch  to  I  foot  thick,  ^th  thin  day  and 
ehale  bands ;  all  those  are  covered  with  debris  and  can  only  be  examined  in  one  or 
two  places,  but  judging  from  their  broken  fragments  they  are  all  sub-divisions  of 
the  nummulitic  series.  No.  6  is  a  curious  combination  of  angpilar  blocks  of  white 
limestone.  No.  8  is  a  heavy  seam  of  very  pure  white  gypsum  in  many  places  15' 
in  tiiiokness,  extending  throughout  tJie  whole  length  of  the  riemge.  In  many  places 
very  beautiful  markings  of  pink  colour  are  found,  caused  no  doubt  by  iron  oxide 
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In  a  state  of  solutioii.  No.  10  is  another  heavy  band  of  grey  gypsum,  in  all  respects 
like  No.  8,  except  in  colour  and  co-extensive  with  it.  No.  12  is  also  gypsum,  but  is 
a  thinneir  deposit^  being  only  about  3'  in  thickness  and  less  pure  than  the  others ; 
aU  are  nnfossiliferous  and  are  beautifully  exposed  in  many  places.  No.  8,  being 
massive,  it  is  quite  possible  that  blocks  sufficiently  large  for  artistic  purposes 
could  be  obtained  from  it.  Between  Nos.  15  and  16  there  is  a  trace  of  lignite  with 
volcanic  ash  which  appears  in  an  erratic  manner  on  the  top  of  No.  16.  Im- 
mediately above  the  lignite  is  a  deposit  of  very  friable  coarse  shale,  weathering 
into  mud  if  wet,  teeming  with  echinodemxs  and  small  Cardita.  Nos.  16,  18,  20, 
22,  24  are  all  continuations  of  the  clunchy  limestones  mentioned  as  appearing  on 
the  lower  reaches  of  the  river;  and  Nos.  17,  19,  21,  23  correspond  io  the  earthy 
shales  between  them,  but  here  they  have  lost  their  earthy  character  and  are  very 
beautifully  coloured  soft  shales,  with,  in  places,  enormous  quantities  of  fragile 
carboBused  nununulites  which  crumble  at  a  touch.  No.  25  is  a  thick  deposit  of 
ailky  olive  shales  with  numerous  concretions  of  vegetable  origin ;  the  majority 
of  them  axe  soft  and  contain  often  pieces  of  carbonized  wood  in  good  prese  rvation 
No.  26  is  a  band  of  dark  brown  flint  which  here  appears  for  the  first  time ;  it  is 
not  uniform  in  deposition,  many  breaks  occurring,  but  it  can  be  traced  for  miles 
always  in  the  same  relative  position,  that  is,  between  Nos.  25  and  27.  The  latter 
18  also  a  soft  olive  shale  differing  only  from  25  in  having  singular  and  large 
masses  which,  have  become  indurated,  and  which  have  a  slaty  cleavage  and  are 
highly  carbonaceous.  It  is  in  these  two  deposits  of  shale  that  the  first  traces  of 
petroleum  are  discovered  and  in  several  places  where  vertical  faces  are  exposed  to 
the  direct  sun's  rays,  bituminous  drops  and  threads  mark  them  with  a  jet  black- 
ness. Beyond  the  concretions  named  I  have  not  discovered  any  fossils  in  these 
shales.  No.  28  is  another  band  of  flint  of  very  dark  colour  of  about  I  foot  thick- 
ness, and  is  I  think  throughout  composed  of  sponge  spicules ;  in  many  places  the 
original  sponge  form  is  retained,  but  so  cracked  are  they  that  it  is  difficult  to 
remove  one  in  a  perfect  condition. 

Wherever  this  band  appears  among  the  low  shale  ^Is  on  the  terraoM  at  Siah 
Knch  or  elsewhere  in  the  vaHey  splendid  specimens  of  fossil  sponges  abound,  all 
rather  large  for  transport'.  Besides  flints  thin  plates  of  fibrous  gypsum  from  ^  to 
11*  in  thickness  occur ;  they  are  very  hard  and  of  dark  brown  colour,  and  are 
scattered  through  the  shales  last  mentioned  and  appear  to  have  been  formed  from 
waters  holding  ip^^.  solution  sulphate  of  lime  in  thei^  passage  %hi^ug&  openings 
eaased,  no  doubt,  by  slipping ;'  these  plates  give' a  metallic  sound  whto  struck  to- 
l^ther.    Nos.  29—^  are  similar  to  27,  and  No.  30  is  a  repetition  of  28. 

Thus  far  all  the  roeks  exposed  are  lying  conformably  upon  each  other,  and  all 

.  may  be  said  to  contain  nummulitic  fossils,  except  the  last 

Bbekt  edaWwiftbis,       ^^^^  ^^  g^^  ^^^  ^^^  ^^^  ^  ^  ^^^  thiokndss  of  about 

4,600'  is  exposed,  vertical  to  the  line  of  bedding. 

Having  crossed  the  river  bed  we  enter  on  rocks  quite  different  from  any  so 

far  described.    No.  32^  is  a  flne-gfrained  hard  blue  lime- 
stone in  divisional  planes  of  various  thickness  from  3*  or 
4*  to  2^,  and  jointed  in  structure  by  straight  parallel  planes  of  fracture  vertical 
to  plane  of  bedding  and  crossing  each  other  at  various  angles.     Some  of  the 
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blocks  thus  produced  are  singularly  uniform  in  their  dimensions  and  wonderfully 

straight  and  smooth  on  their  surfaces ;  as  before  stated,  these  resenoible  a  masoniy 

wall.     Very  few  fossils  are  found  in  them,  concretions  resembling  turtles  in  form 

when  extracted,  some  vegetable  markings  and  one  ammonite,  are  all  I  haye  found. 

-^  ^  ,  The  ammonite  is  but  a  sorry  specimen,  very  much  flatten- 

Gretaceoiu  rocks.  j     xr         .    '        j 

ed  and  outlines  destroyed  by  pressure,  but  it  is  plainly  an 
ammonite,  and  from  it  and  the  character  of  the  succeeding  rocks,  No.  33, 1  am 
inclined  to  belieye  that  all  the  inner  mountain  exposures  from  this  point  are  cre- 
taceous, and  not,  I  think,  of  tertiary  age. 

At  almost  regular  intervals  the  whole  of  this  marine  conglomerate  covering 
-    .  the  inner  lull  is  faulted  to  the  west,  the  exposed  £ice  at 

each  fault  being  vertical  and  of  considerable  height  (in 
one  instance  over  100') ;  '*  slickensides  "  are  numerous,  and  it  is  probably  be- 
cause of  faulting  that  the  shales  No.  31  appear  to  lie  unconformably  upon  it ;  as  a 
conglomerate  it  is  peculiar,  angular  pieces  of  very  hard  dark  limestone  and  flints 
are  embedded  in  a  matrix  which  is  evidently  the  ooze  of  a  not  very  deep  sea,  and 
which  has  circulated  among  sponges  and  angular  pieces,  embracing  them  in  so 
firm  a  grip  after  hardening  that  a  good  blow  will  fracture  both  matrix  and  its 
enclosures  in  a  straight  plane  without  deviation.  It  is  highly  fossilif erous,  orbi- 
tula  and  other  foraminif era  appearing. 

A  little  below  the  cross-section  line  are  several  copious  springs  of  sulphuronB 

^  ,  ,  waters,  which  have  a  temperature  of  109°  F.  at  the  point 

Sulphur  Bprtngs.  ^  .  ^ 

of  overflow;  considerable  quantities  of  sulphur  ciystals 
occur  in  the  stalagmite  surrounding  them.  No  doubt  quantities  of  native  sulphur 
exist  in  the  rocks  below,  and  very  probably  the  supply  of  water  is  obtained  by  the 
river  losing  itself  at  a  higher^point  of  its  course,  and  following  a  fault  which 
appears  near  the  springs.  Further  up  the  hillside  are  many  places  where  similar 
springs  have  accumulated  stalagmite  with  sulphur  intermingled  in  past  time. 
Petroleum  is  found  exuding  close  to  the  sulphur  springs  and  for  a  consider- 
p      .  able  distance  up  the  valley ;  along  the  edge  of  the  marine 

conglomerate  there  are  beds  of  bituminous  deposit  (petro- 
leum mingled  with  gravel  and  earth)  often  15'  in  depth,  while  up  the  hiMdes 
for  200'  the  debris  resting  on  the  conglomerate  is  blackened  by  old  flowings  when 
the  river  bed  corresponded  to  their  levels.  The  hard  compact  nature  of  this  con- 
glomerate prevents  the  river  from  denuding  it,  hence  the  shales  next  above 
receive  the  wasting  contact  of  the  river  torrent,  and  thus  a  continuous  lower 
level  is  being  annually  made  along  the  edge  of  the  conglomerate,  and  the  sulphur 
waters  and  petroleum«naturally  seek  the  lowest  and  easiest  point  of  exit ;  this,  no 
doubt,  accounts  for  the  old  markings  referred  to. 

Besides  these  bituminous  deposits  there  are  in  many  of  the  vertical  crevices, 
over  a  large  area,  included  plates  and  particles  of  petroleum  which  from  long 
exposure  have  lost  their  volatile  components  and  have  become  solid  and  much  like 
ozokerit  in  character  and  appearance. 

Within  these  crevices  (and  they  are  abundant)  selenite  crystals  often  contain 

small  globules  of  both  solid  and  liquid  petroleum.    The  slow 
rate  of  denudation  occurring  in  this  almost  rainless  district, 


PABT  4.] 


TowKSBND :  Petroleum  Exploration  at  Khfitan. 


209 


when  considered  with  the  height  at  which  old  flowings  are  found  (200'  above  pre- 
sent natural  flowings),  together  with  the  tune  required  for  the  formation  of  natural 
crystals,  dimlj  indicates  how  long  petroleum  has  been  escaping  to  the  surface  in 
this  locality.  Its  rapid  disappearance  after  escapes  is  owing  to  its  great  specific 
gravity,  and  to  the  readiness  with  which  it  is  converted  into  a  solid  easily  ground 
and  mingled  with  the  gravels  of  the  river  below. 

There  are  three  trial  borings  for  petroleum,  one  of  which  is  524'  deep,  of  4i\'^ 

diameter.    In  the  deepest  of  two  of  these  borings  (the  other 
is  but  a  shallow  one),  the  following,  in  order  of  succession 
downwards,  are  the  rocks  penetrated  :•— 


Borings* 


(1)  Qravel,  with  boulders  and  bitamen 

(2)  Jointed  bine  limestone 

(8)  Hard  marine  conglomerate  with  abundance  of  flint  •         •         .         . 

(4)  ▲Itemating  bands  of  soft  blnish  shales  and  hard  flinty  limestone  with  iron 

pyrites. 

(5)  Rather  hard  shales  with  pyrites 

(6)  Dark  grey  limestone  without  fossils 

(7)  Soft  grey  shales 


Oil  was  obtained  at  28',  at  62',  at  92',  at  115',  at  125',  at  133'  and  at  374'. 

The  conglomerate  is  broken  and  fractured  in  all  directions,  and  through  these 
^^,         .    .  the  oil  finds  its  way  upwards,  borne  on  the  top  of  the  warm 

waters  which  accompany  it,  but  while  these  fractures  af- 
ford a  ready  means  to  the  miner  of  "  striking  oil "  they  sadly  interfere  with  his 
progress  in  boring,  as  the  drilling  tool  in  descending  must  inevitably  enter  many 
of  these  crevices  at  an  acute  angle  to  their  planes,  and  it  is  almost  impossible  to 
prevent  the  tendency  of  the  too}  to  follow  the  vagaries  of  such  crevices  and  thus 
produce  a  "  crooked  hole,"  which  is  fatal  to  further  progress  unless  straightened. 
It  is,  all  round,  the  most  difficult  of  rocks  in  which  to  construct  borings  the  writer 
has  yet  encountered. 

A  report  of  the  character  of  the  petroleum  obtained  here  has,  in  1884,  been 

sent  into  the  Government  of  India,  and  I  need  only  add 
that  owing  to  infinitesimal  particles  of  sulphurous  and  acid 
waters  being  held  in  suspension  within  the  oil,  it  is  most  difficult  to  distil  it. 
These  particles  in  the  process  of  distillation  are  vapourissed  at  a  little  over 
212?  F.,  while  the  oil  vapourizes  at  over  306°  F. ;  the  consequence  is  the  vapour 
first  created  causes  the  oil  to  foam  within  the  still,  and  finally  carries  it  over  with 
it  into  the  condensing  pipes  bodily,  which  operation  is  known  to  refiners  by  the 
inelegant  term  '' puking."     The  remedy  lies  in  a  specially  constructed  still,  or  a 
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mechanical  appliai^ce  in  oTdifiary  stills  fof  beating  down  tiie  foam,  or  by  a  chemicsl  | 
process  for  removing  the  waters  before  distilling  is  nndertaken. 

At  present  about  1,000  barrels  of  cmde  oil  are  being  sent  to  Sibi,  for  a  thoroiigh  I 
test  as  to  its  snitabilitj  for  locomotiye  fuel. 

Both  in  drilling  and  pnmping  the  borings,    a  considerable  quantity  of  sol»l 

phnretted  hydrogen  gas  is  evolved,  but  it  is  not  in  8ufii| 
fioient  quantities  to  cause  a  natural  flow  of  oil  from  the 
tubes.    In  pumping  the  oil  from  the  show  obtained  at  374'  we  found  that  it  cani#{ 
up  with  the  warm  water  in  very  small  globules,  thoroughly  mingled  with  and 
giving  the  water  the  appearance  of  having  had  snufE  thrown  into  it ;  at  rest  the  oS' 
and  water  soon  separate  and  the  water  becomes  clear. 

It  has  occurred  to  me  as  a  tenable  theory  that  the  petroleum  of  this  localit/ 

may  be  produced  by  the  action  of  sulphurous  acid  watert 
combined  with  alkalies,  all  at  a  moderately  high  deg^ree  ol 
heat  acting  chemically  upon  a  deep  deposit  of  coal,  or  Ugnite,  under  confinemenl| 
and  it  may  be  that  aU  petroleum  has  a  similar  origin.  It  is  a  fact  that  all  prGN 
ducing  oil-fields  are  in  strata  containing  sulphur,  salts  and  alkalies.  The  Gana« 
dian  and  American  fields  both  retain  inexhaustible  supplies  of  saline  sulphurouf 
waters,  some  of  them  sufficiently  strong  to  destroy  ia  a  few  weeks  the  iron  tubin|^ 
used  in  pumping. 

Besides  petroleum  there  are  no  products  of  economic  value  here.    If  work* 

were  established  for  the  manufacture  of  oil  it  is  possibte 
that  saltpetre,  alum,  and  alkalies  might  be  produced  at  ^ 
profit  from  the  manipulation  of  the  shales.  Of  gypsum  there  are  endless  quanta 
ties  of  excellent  quality,  but  too  far  from  any  market,  I  fancy,  to  export  at  a  pro* 
fit.  The  entire  country  round  about  is  barren,  save  a  few  tamarisk  and  other 
scrubby  trees,  and  a  few  aeios  of  cultivable  land.  All  the  waters  available  for 
domestic  use  are  charged  with  sulphate  of  lime  and  do  not  conduce  to  one's  health* 
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1.  BaMPUE  COAL-rilLD. 

The  name  Bampur  Coal-field  was  adopted  by  the  Central  Provinces  Gbvem- 
ment  for  convenience ;  but  the  borings  have  as  a  matter  d  foot  been  put  down  at 
likely  places  on  three  sides  of  the  area  originally  deseribcd^  bj  Mr.  Y.  Ball  as 
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tihe  Raigarh  and  Hingir  Goal-field,  or  partly  in  the  Sambalpnr  Difltrict,  and 
partly  in  the  Oangpur  State  of  Ghota  Nagpor.  My  own  connection  with  the 
field  began  with  the  season  1883-84,  when  boring  sites  were  selected  :^  and  the 
mechanical  work  has  been  carried  ont  since  then  by  Mr.  T.  O.  Stewart,  the 
Assistant  Mining  Engineer,  whose  boring  jonmals  are  given  in  the  appendix  to 
this  paper. 

The  samples  of  coal  so  obtained  have  unfortunately  been  always  more  or 
less  poor;  and  as  there  is  no  fair  indication  of  any  possible  improyement 
in  other  parts  of  the  field,  I  am  reluctantly  compelled  to  recommend  its  abandon- 
ment. 

At  the  end  of  the  season  1884-85,  I  reported'  the  general  results  of  the 
exploration  up  to  date  in  the  Lillari  Valley  section,  and  they  were  poor  enough. 
The  existence  of  an  upper  though  useless  band  of  coal  seams  within  a  moderate 
depth  and  convenient  to  the  prox>osed  Hingir  Boad  railway  station  had  been 
ascertained ;  but  as  there  still  remained  a  considerable  southward  area  of  yet 
lower  coal-measures  with  exposures  of  coal  lower  down  the  same  valley  and 
likewise  not  too  far  from  the  railway  trace»  it  was  decided  to  prove  them  by 
further  borings  at  the  commencement  of  the  ensuing  season  (1885-86)  before 
moving  the  plant  to  new  groxmd.  No  better  coals  were  found,  although,  I  think, 
almost  the  whole  thickness,  and  all  the  seams  of  the  Barakars  on  thia  the 
southern  sid»  of  the  Hingir  plateau  were  proved. 

A.  Lillari  Valley, — Six  borings  were  put  down  with  more  or  less  success  over 
about  a  square  mile  in  the  neighbourhood  of  Ghowdibahal  during  the  first  season ; 
and  four  more,  respectively  near  Kaliabahal  Bonjari  and  Ghanamal,  one  being 
between  the  last  two  villages,  later  on  :  ten  in  all,  of  which  however  it  is  only 
necessary  here  to  refer  more  particularly  to  seven,  vup.  Nob.  1,  2a»  3,  5,  6,  7 
and  8  (see  plate).  The  sites  of  these  are  also  indicated  by  the  same  numbers  on 
the  Sketch  Map,  as  lying  along  the  right  bank  of  the  river.  Nob.  1,  2a,  and  3 
are  at  the  comers  of  a  triangular  area,  one  side  of  which  (1  to  2a)  forms  a  line 
with  Nob.  5,  6,  7,  and  8  at  right  angles  to  the  strike  of  the  bedsi  or,  taken  in  this- 
Older  of  numbers,  against  the  dip  which  is  generally  very  low  to  the  north-north- 
westward; that  is.  No.  2a  is  in  the  uppermost  and  No.  8  in  the  lowest  band  of 
carbonfi6eous  shales  and  ooal  seams  of  the  coal-measures; 

The  difficulty  in  considering  this  set  of  bore  sections  is  as  to  the  recognition  of 
seams  of  coal  or  other  strata  in  two  or  more  of  them ;  for,  as  a  reference  to  the 
appendix  or  the  plate  will  show,  there  is  con»deraUe  variation  in  the  thickness 
of  the  coal  seams  and  in  the  oonstitution  of  the  beds  associated  with  them. 
Fairly  well  defined  strata,  such  as  the  hard  band  of  compact  red  clay-stone  (x 
in  plate)  belonging  to  the  overlying  Kamthis,  are  however  recognisable  in  bore 
holes  1,  2a,  and  3 ;  while  there  can  hardly  be  a  doubt  as  to  the  oontinuiiy  of 
the  tolerably  similarly  constituted  band  of  carbonaceous  shalea  and  sandstones 
below,  and  the  coal  seam  (a).  The  dip  of  this  coal  seam  if  it  be  even  is  very 
low;  in  fact,  rather  lower  than  the  average  I  had  calculated  on  in  my  first 


>  Ree.  O.  S.  of  I.,  XYII.  p.  188. 
•  Rec.  Q.  S.  of  I.,  XVIII,  p.  196. 
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report.  The  real  condition  appears  to  be  that  the  beds  roll  somewhat, 
while  they  are  often  almost  flat,  and  are  only  occasionally  at  so  much  as  10^ 
to  16^ 

Beckoning  on  this  generally  low  dip,  and  knowing  how  necessary  it  was  to 
try  and  get  at  good  coal  as  goiokly  as  possible,  I  ventured  on  taking  the  next 
borings  at  long  intervals.  The  result  tends,  I  think,  to  show  that  each  of  the 
holes  along  the  main  line  has  passed  through  at  least  one  of  the  seams  of  shale 
and  coal  met  with  in  the  preceding  bore.  Thus,  No.  1  has  passed  through  coal 
met  with  in  2a  and  3,  and  penetrated  yet  lower  strata  with  coal;  No.  5  has 
proved  strata  occurring  in  1,  2a,  and  3,  and  reached  yet  lower  measures ;  while 
No.  6  encountered  the  lowest  beds  in  No.  5,  and  touched  others  considerably 
below  them. 

I  have  always  had  my  doubts  as  to  the  regular  behaviour  of  the  bedding  in 
the  interval  between  Nos.  6  and  8 ;  having  been  led  from  indications  on  either 
side  of  the  country  to  surmise  that  there  might  be  here  a  roll  up  from  the 
normal  low  northerly  dip.  Thus  it  is  difficult  to  be  confident  about  the  connection 
or  continuity  of  the  carbonaceous  shale  bands  with  coal  in  Nos.  6,  7,  and  8 ;  bat 
the  presence  of  an  intervening  band  of  more  decidedly  sandy  strata,  recognizable 
in  each  section,  leads  to  the  conclusion  that  the  shales  and  coal  below  Uiem 
belong  to  the  same  horizon. 

On  this  recognition,  or  connection,  of  strata  in  the  several  bore-holes,  and 
taking  No.  6  as  having  reached  the  lowest  coal-bearing  beds  in  its  position,  I 
calculate  that  these  borings  have  pierced  through  an  aggregate  thickness  of  4:80 
feet,  which  is  not  far  off  my  original  estimate.^ 

The  upper  or  Ghowdibahal  portion  of  the  LUlari  Yalley  has  been  treated  of 
in  my  previous  paper ; '  and  there  is  now  little  use  in  repeating  more  than  that 
in  the  220  feet  or  so  of  ascertained  coal-measures,  there  are  two  permanent  seams 
of  6  to  7  feet  in  thickness,  another  which  appears  to  mei^e  into  a  more  shaly 
seam,  and  some  smaller  seams  of  a  foot  or  so  in  thickness.  All  the  coal  is  bad ; 
the  average  percentage  of  ash  in  them  being  36*09,  except  in  one  case  where  it 
runs  as  low  as  22' 92  in  the  4th  foot  of  a  6-foot  seam  at  69  feet  from  sur&ce  in 
bore-hole  No.  4. 

An  outcrop  of  coal,  of  which  I  had  ascertained  at  least  a  thickness  of  4|  feet, 
occurs  about  half  a  mile  lower  down  the  river,  to  the  north-east  of  Kaliabahal; 
and  I  thought  it  might  be  perhaps  the  edge  of  seam  (6)  in  the  Ghowdibahal 
holes.  Hole  No.  5  was  put  down  a  short  distance  to  the  north  of  the  exposure 
and  struck  a  9-foot  seam  of  coal  at  37  feet,  which  at  first  sight  looks  very  much 
as  if  it  were  after  all  an  outcrop  of  the  seam  (a); in  No.  1.  This  may  really  be 
the  condition  of  affairs ;  but  I  am  inclined  to  doubt  it,  mainly  indeed  on  the 
extremely  low  and  almost  southerly  dip  involved  in  such  a  relation,  and  the 
want  of  correspondence  in  the  beds  below  as  displayed  in  the  further  progress 
of  the  boring,  but  partly  on  account  of  the  nearer  correspondence  of  the  assays 
of  this  coal  with  that  of  (6)  in  No.  1. 


»  Bee.  G.  S.  of  I.,  XVII,  p.  129. 
•  Op.  cit.,  p.  196. 
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Assay.    (Foot  by  foot.) 
Bore-hole  No.  S,  37  feet  from  surface,  seam  (?h),  9  feet  thick. 


• 

1 

2 

8 

4 

• 
5 

6 

7 

8 

9 

rage  of 
-9. 

« 

- 

S?   1 

-5-" 

Hoistnre     • 

7-08 

8*28 

8-56 

9*20 

8*94 

7-96 

8*42 

6'88 

8*48 

8*20 

Volatile  matter  ^excln- 
give  of  moisture) 

21-88 

22-40 

23*18 

22*32 

21*80 

2828 

21*86 

21-28 

21*92 

22-21 

Fixed  carbon 

25-72 

27'42 

8008 

28-60    28-42 

20*84 

23*44 

17*88 

24-02 

26*16 

Ash    •         •         •         • 

45  32 

41-90 

88-18 

39*88    40-84 

47*92 

46-28 

53-96 

45-58 

4448 

» 

10000 

10000 

100-00 

10000  100*00 

1 

10000  100*00 

100*00 

100*00 

100-00 

Do  not  cake.    Ash  grey  and  reddish  grey. 

Assay  ofB-feet  seam  (6)  »n  hore-hole  No,  1  at  142  feet  from  surface,  for  comparison 
m,  with  the  above. 


0 

M* 

M^ 

H* 

^ 

H* 

^ 

H* 

H* 

1      Q)   • 

Moisture        .         •        •         . 

iro8 

10-58 

1200 

11*02 

9-40 

7-44 

8*04 

13-38 

9-98 

Volatile    matter    (exclusiye   of 
moisture)    .... 

2214 

21*26 

22-66 

22-06 

20-52 

1900 

18-60 

23-84 

21-22 

Fixed  carbon .... 

2708 

25*70 

28-36 

26-42 

24-04 

19-48 

20*82 

32*90 

24*62 

Ash 

• 

89-70 

42-46 

36-98 

40*50 

4604 

54*08 

53-04 

29-88 

44*18 

100-00 

100*00 

100*00 

100-00 

100*00 

100*00 

100*00 

100*00 

100*00 

— - —                                                                                                   -» 

Do  not  cake.    Ash  grey  and  yellowish  grey. 

The  coal  is  bad,  even  inferior  to  that  in  seam  (a)  of  the  Ghowdibahal  gronnd. 
This  bore-hole  was  ran  down  to  221  feet,  disclosing  further  seams,  two  of 
which  are  over  15  feet  in  thickness.  They  tell  the  same  tale  of  poorness  of 
quality ;  in  fact^  the  lower  thick  seam  consists  of  such  worthless  stuff  that  we  did 
not  consider  it  worth  sending  down  to  Calcutta  for  assay.     Two  of  the  samples 
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sent  down  from  ihe  tipper  15-fiBet  seam  got  mielaW  in  despatoh,  but  their  qnalitf 
was  on  a  par  with  the  rest  which  are  given  in  the  following  assay  :— - 

Bore^hole  No.  5,  114  feet  from  surface^  IS  feet  thick. 


1 

a 

8*08 

8 

8-86 

4 

S 

6 

7 

8 

• 

10 

u 

U 

IS 

14 

u 

lloiifean     . 

7*64 

8*80 

9*80 

7-86 

7*44 

7-88 

It 

8-60 

8"I6 

9« 

8-46 

rai 

Volat&e  mat- 

ter (wclii- 

eWe         of 

Irg 

molstiue). 

26'lt 

16*84 

S4'38 

8r86 

8r60 

21*88 

MM 

88*80 

11 

18-78 

88^04 

88m  M« 

8ni 

Fizod  csrbon 

S9'08 

29'«) 

27*80 

26-74 

8»'72 

23*06 

81*28 

83*26 

2624 

27*40 

88-08 

2860 

83-61 

Aih     . 

87-10 

86-BB 

88-96 

tf'70 

84*48 

48-76 

49*7a 

u 

4i*64 

89«^ 

87a4 

aii-18 

3088 

uxrao 

Mroo 

100^ 

lOlM 

100-00 

lOODO 

lOODO 

loo-ot 

loono' 

1001)0 

UKKXI 

100-00 

UOIO 

Does  not  oake,  aah  light. 

BaddliSgrey. 

The  resnlts  so  far  certainly  tended  to  crash  any  hope  of  onr  striking  better 
coal  in  this  division  of  the  field ;  sud  had  it  not  been  that  proximity  to  the  rail- 
way line  demanded  the  trial  of  every  reasonable  chance,  I  shonld  have  preferred 
abandoning  the  work  at  this  point.  As  it  was,  warning  was  given  to  prepare  for  a 
move,  pending  the  hazarding  of  three  more  holes  on  the  same  line.  No.  6  near 
Bonjari,  No.  7  a  mile  farther  down  the  right  bank  of  the  river,  and  No.  8  near 
Ghanamal.  The  only  coal  of  the  different  seams  straok  in  these  holes  which 
appeared  worth  sending  down  to  Calcatta  gave  this  assay: — 

Bore-hole  No.  6f  seam  7  feet  thick  at  62  feet  from  surf  ace. 


1 

2 

8 

4. 

5 

6 

7 

1 

AYeiafe 

of 

1-7 

Moistim  . 
Volatile  matter   (ex- 
olnsivie  of  moiBtnre). 
Fixed  oarbon 

7-84 

26-06 
81*04 
35*56 

6-20 

24-56 
27-80 
41*44 

616 

24-56 
28-88 
40-90 

5-74 

23-94 
27-46 
42-86 

S-80 

2f4-38 
27-64 
42*18 

6-54 

26*06 
30-84 
36*56 

7*28 

25-68 

31-40 
35-70 

6*41 

85*08 
89-22 
89*31 

100-00 

100-00 

190*00 

100-00 

100-00 

100*00 

lOOiX) 

100-00 

D 

oea  not  call 

[6.    Ash,  reddisli  grej. 

There  was  clearly  no  ose  in  holding  out  any  longer  at  the  Lillari  Yalley,  so  a 
move  was  made  for  what  I  had  already  described  in  my  report  on  the  selection  of 
boring  sites  as  the  next  more  promising  part  of  the  field,  the  Oira  Valley  seetioD, 
where  two  seams  of  coal  are  exposed  at  times — according  to  the  scoor — ^in  the  bed  of 
the  rivM  near  Dibdoiah,  one  of  the  villages  in  the  small  semindari  of  Kodibnga. 

In  the  meantime,  it  was  intimated  to  me  that  the  Minister  for  Pnblic  Woriu 
had  saggeated  that  the  Baisandar  Valley  on  the  north-easterly  edge  of  the  Hingir 
plateau  seemed,  from  the  nnmeroos  ezposores  of  coal,  to  offer  better  inducements  for 
boring  with  any  hope  of  success.    In  the  anginal  paper  by  Mr.  Ball,  thero  is  no 
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pariienlar  eKpresaioa  Af  theproanse  of  those  ontcropa;  m  laot,  be  does  not  hdd  out 
nmcli  prospect  of  good  coal.  1  too  had  learned  snfficieiit  of  that  side  of  the 
country  to  infer  that  these  many  ontorops  would  most  likely  turn  out  to  be  repe- 
titii(»as  of  one  or  two  seams  through  their  eoming  to  surface  in  the  windings  of  the 
Baisandar  and  its  tributary  the  Jhajia  nala  ;ss  they  flow  for  some  distanoe  along 
the  strike  of  the  strata.  The  look-out  was  therefore  really  no  better,  if  indeed  as 
good  as  that  at  Dibdorah ;  and,  after  all,  in  moving  the  plant  round  by  the  Dibdorah 
side  of  the  field,  there  was  not  much  time  lost  in  the  transit,  while  even  in  case  of 
disappointmeot,  there  would  be  the  satisfaction  of  having  proved  the  condition  of 
that  side  of  the  eouniny.    The  move  was  therefore  made  to  Dibdorah. 

B.  Oira  YaUefi — ^In  this  part  of  the  field,  I  had  myself  in  1884  cut  down 
into  12  feet  of  the  coal  outcrop  on  the  very  edge  of  the  ooaUmeasures  and 
with  tite  fuel  so  raised  a  b^  caaqi^fire  was  kept  going  every  night ;  only,  there  were 
always  big  lumps  of  partially  consumed  shsle  remaining  with  a  great  heap  of  ash 
in  the  morning.  The  coal  itself  was  in  thin  bands  with  more  or  less  intervening 
shale ;  but  it  seemed  to  me  that  about  4  feet  of  the  seam  dug  out  so  far  might  be 
taken  as  fair  coal,  and  I  hoped  that  improvement  might  be  disclosed  by  boring. 
The  objection  to  the  place  lay  in  its  comparatively  difficult  approach  from  the  line  of 
railway,  the  Dibdorah  measures  being  in  a  very  nanow  and  enclosed  valley  below 
and  on  one  side  of  the  Hingir  plateau. 

Two  borings  were  put  down  near  Dibdon^  at  about  800  feet  apart  and  nearly 
with  the  line  of  dip ;  No.  1  was  carried  down  215  feet^  and  No.  2,  close  to  outcrop 
already  mentioned,  to  131  feet  The  work  occupied  a  month,  and  was  about  as 
dismal  an  operation  as  could  be  watched  from  day  to  day  with  the  weaiy  drawing 
up  of  the  usual  disappointing  carbonaceous  shales  and  sandstones ;  and  when  the 
ooal  was  struck  the  most  of  it  was  hardly  worthy  of  the  name.  There  was  reaUy 
little  use  in  sending  the  samples  down  to  Calcutta  for  assay,  and  1  got  Mr. 
Stewart  to  make  rough  experiments  in  a  smaU  iron  cup  by  which  we  used  to  ascer- 
tain from  30  to  40  per  cent,  of  ash,  or  perhaps  a  foot  of  somewhat  better  stufE  was 
brought  up  at  intervals  which  yielded  from  17  to  20  per  cent.  We  did  however 
•end  samples  from  hole  No.  i$,  that  is  from  the  seam  giving  the  outcrop  whence 
I  had  extracted  and  burned  coal :  and  here  is  the  result  :— 

Oira  Valley f  Dibdorah  baring  No.  2,  Id-feet  seam^  47  feet  from  surface. 
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Doe*  not  etke. 

Aah»  lighi-reddish  gny,  ■Ughtly  wjing  in  ibide. 
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The  whole  plant  was  not  however  kept  at  work  on  these  two  borings  alose ; 
for  another  boring  was  being  tried  and  looked  after  abont  8  miles  to  the  north- 
ward close  to  the  railway  line  near  the  village  of  fiirapali,  where  I  tried  to  get 
through  the  Kamthis,  nearly  always  a  troublesome  matter  owing  to  the  hard  nature 
of  the  sandstones  and  their  frequent  conglomeratic  constitution.  The  rocks  were 
very  hard :  it  took  11  days  to  get  down  through  the  last  20  feet ;  and  as  the  season 
was  getting  on,  and  the  Baisandar  field  must  be  tried  as  a  last  resource,  orders 
were  given  to  stop  work  on  this  side  of  the  conntry. 

0.  Baisandar  FaZ^.'— The  transit  across  the  Hingir  plateau  iras  made  with 
considerable  difficulty ;  but,  leaving  Dibdorah  on  the  26th  February,  borings  were 
in  progress  in  the  neighbourhood  of  Jhaprunga  by  the  8th  March.  There  was  not 
much  time  for  trial  between  this  and  the  end  of  the  season  (May  1st) ;  the  conn^ 
was  quite  new  to  us,  and  considerable  local  difficulties  in  the  way  of  labour  and  sup- 
plies had  to  be  overcome,  while  the  miaiing  assistant  was  badly  hampered  by  sickDess 
himself,  and  sickness  among  his  followers,  one  of  whom  (the  foreman  blacksmith) 
had  died  at  Dibdorah.  However,  a  great  push  was  made  and  four  holes  (one  supple- 
mentary on  the  breaking  of  a  chisel  in  No.  2)  were  carried  out  at  likely  spots. 

As  on  other  sides  of  the  plateau,  except  in  the  Lillari  Yalley,  there  is  only  a 
narrow  belt  of  the  Barakars  or  coal-measures  exposed!  in  the  immediate  river 
valley ;  the  overlying  Kamthis  coming  in  along  the  southern  side  rather  quicldj 
and  forming  all  the  rather  high  flat-topped  group  of  the  Garjan  (1,947  feet)  hills. 
It  would  have  taken  too  long  to  tiy  the  ground  by  a  set  of  holes  along  the  dip,  as 
in  the  2nd  and  3rd  of  these  I  should  have  had  most  likely  to  get  through  KamtMs, 
which  practically  comes  to  very  slow  boring.  The  thing  was  to  get  an  idea  as  to 
whether  there  was  any  good  seam  to  work  on  ;  and  I  chose  three  sites  along  the 
strike,  that  is  parallel  with  the  Jhajia  nala  and  the  Baisandar  after  their  junc- 
tion, at  sufficient  intervals  for  any  chance  of  improvement  in  the  seams  on  their. 
lateral  extension*  Sites  for  holes  Nos.  1,  2,  and  3  were  selected  respectively  near 
Gopalpali,  Batansarai,  and  Bankibahal.  The  Ratansarai  boring  had  to  be  aban- 
doned owing  to  the  breaking  of  a  chisel  short  ofE  at  the  shoulder,  which  could  not 
be  extricated ;  but  the  supplementary  hole  2a  sunk  further  to  the  south  had  not 
reached  the  coal  seam  by  the  close  of  the  season*  Indeed,  the  work  could  not 
have  been  carried  on  any  longer ;  for  by  that  time  Mr.  Stewart  had  to  be  carried 
in  to  Sambalpur  for  medical  advice  and  treatment. 

A  reference  to  the  plate  will  show  the  rather  varied  character  of  the  seams  and 
associated  strata :  and  I  should  have  found  it  difficult  to  connect  them  had  not 
the  notes  made  by  Mr.  Ball  of  the  river  sections  been  on  record.^  In  ihe  bore- 
section  No.  1  the  upper  coal  seam  with  its  great  thickness  of  carbonaceous  shales 
below  and  good  thickness  of  similar  shales  and  coal  seams  above,  answers  to  the 
rather  thicker  outcrop  in  the  natural  exposure  on  the  Tikripara  ghat.  The  25-foot 
seam  at  the  bottom  of  the  bore  is  on  the  other  hand  not  represented  in  Mr.  BaU*s 
168-foot  section  on  the  Baisandar-Jhajia  junction  {op,  cit.f  p.  103),  though  his 
long  list  of  coal  shales,  paper  coal,  &c.,  near  the  bottom  may  be  taken  as  a  repre- 
sentative condition  of  it.  Boring  No.  2  struck  coal  at  once  almost  (16  feet,  seam 
a  ),  but  the  thick  sandstones  and  shales  below  it  are  not  so  easily  brought  into 

>  Rec.  G.  S.  of  I,  IV,  pp.  108.5. 
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connection  with  the  shales  below  (a)  in  No.  1»  until  judged  by  the  light  of  the 
following  extract  from  Mr.  Ball's  paper : — 

"  In  the  bed  of  the  Jhajia  river  westward  the  large  seam  becomes  much  broken 
up  by  interpolations  of  sandstones  and  shales,  and  with  the  dying  out  of  the  coaly 
bands  the  change  is  so  complete  that  it  is  impossible  to  recognize  it  or  trace 
any  portion  of  it  through  successive  reaches.*' 

The  seam  referred  to  here  is  of  shales ;  and  it  is  just  such  a  change  as  this 
which  would  tie  in  with  the  rather  extreme  variation  displayed  in  the  two  bore- 
holes at  either  end  of  the  area.  The  two  lower  seams  of  coal  in  hole  No.  2  would 
answer  to  the  thick  seam  (&)  in  No.  1. 

The  strata  and  coal  beds  met  witii  in  bore-hole  No.  3,  with  the  exception  of 
the  upper  coal,  do  not  answer  satisfactorily  to  those  in  1  and  2,  the  hole  being 
mostly  in  beds  which  are  below,  or  lower  than  those  in  1  and  2,  the  auger  having 
almost  immediately  penetrated  a  thick  coal  seam  answering  to  that  in  the  bottom 
of  No.  1.  The  sandstones  at  the  bottom  of  the  measures  have  evidently  also  thick- 
ened ou,t  a  good  deal  in  the  direction  of  Bankibahal. 

These  borings  have  altogether  pierced  an  aggregate  thickness  of  about  300  feet 
of  Barakars,  and  have  proved  the  etistence  of  four  seams  of  coal«  The  coal  is  how- 
ever no  better  than  that  found  over  the  rest  of  the  countiy ;  that  from  holes  1  and 
3  was  not  worth  assay,  though  no  doubt  there  are  occasional  thin  bands  or  lay- 
ers of  good  quality  separated  unfortunately  by  thicker  bands  of  shale.  Bough 
assays  in  the  field  seldom  gave  less  than  40  per  cent,  of  ash ;  and  similar  trials 
of-  coal  from  the  outcrops  near  Bankibahal,  the  Tikripara  ghat,  and  to  the  north 
of  the  No.  1  or  Gh>palpaJi  boring,  confirmed  these. 

An  exposure  dose  to  the  Batansarai  or  No.  2  hole  was  the  other  way ;  in  fact 
somewhat  after  the  manner  of  the  outcrop  I  have  already  referred  to  at  Dibdorah, 
in  so  far  as  it  differed  materially  from  the  miserable  stuff  brought  up  from  the 
bore-hole.  The  outcrop  occurs  in  a  small  ravine  a  short  distance  north  of  Batan- 
sarai, and  Mr.  Stewart  cleared  away  about  five  feet  of  the  seam  which  is  underlaid 
by  a  band  of  shale.  There  are  thin  layers  of  shale  in  this  five  feet,  and  one  of  iron 
pyrites ;  but  four  feet  from  which  he  took  eight  samples  of  each  layer  or  band  of 
coal,  yielded  the  following  rough  assays :-~ 


No.  1.— Hoiittiire 

8O0 

Ash  (greyish  white) 

2200 

No.  2.— Moisture 

800 

Ash  (grayish  white) 

8200 

No.  8. — ^Moistore         .         .         .         . 

.      10-00 

Ash  (whitish  red)    . 

1600 

No.  4.^HoistaTe 

lO'OO 

Ash  (dark  grey) 

7*00 

No.  6. — Moisture        .        .        .        . 

12*00 

Ash  (greyish  white) 

600 

No.  6.— Moisture        .        . 

600 

Ash  (greyish  white) 

900 

No.  7««-MoiitQre        .        .         .        . 

800 

Ash  (whitash  gray) . 

18-00 

No.  8«*->Moistare         .        •         .         . 

8-00 

Ash  (whitish  grey) . 

,      1600 
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Fair  specimens  from  the  same  layers  were  sent  to  me,  and  liave  been  tested  in 
the  laboratory. 


Ooalfrom  outcrop  near  Batansarai  near  hore-hole  No.  2,  Baisandar  Valley, 

4  feet 


"\ 


1 

2 

8 

4 

5 

6 

7 

8 

ICcttBtiire    •        >        •        • 

7-08 

8-72 

9-48 

7-36 

12-28 

8*94 

6-88 

S*2S 

Volatile  matter   (exdnsiYe 
of  moisture)     .        • 

27-94 

24-98 

28-58 

8100 

30*62 

82-66 

82*82 

29-58 

Fixed  oarlMm 

42-4B 

20*20 

88*12 

43-08 

50*60 

46-32 

41*62 

STBS 

ABh 

22*50 

42-10 

23*82 

18*56 

6-52 

12-06 

18-68 

27-81 

100-00 

100-00 

100-00 

100*00 

100*00 

100*00 

100-00 

100-00 

>^ 

lightly. 

■  ^iii»ii 

0^ 

Sinters  B 

Cakes,  bnt  not  Btrongly. 

Aiih*  light>-reddiflh  grey,  i 

digktly  vmrying  in  shade. 

Sucb  a  difEerence  as  this  between  coal  at  the  outcrop  and  the  samples  from 
the  bore«hole  which  Mr.  Stewart  did  not  think  worth  sending  to  Calcutta  for 
assay  is  remarkable,  though  not  much  more  remarkable  than  that  between 
the  Dibdorah  exhibitions,  and  it  certainly  seems  to  throw  some  doubt  on  estimates 
made  on  boring  samples,    bideed,  Mr.  Stewart  tries  to  acoonnt  for  the  difbrenoe 
by  an  inference  that  the  coal  from  the  bore-hole  may  often  get  mixed  up  with 
a  good  deal  of  shale  fallen  down  from  the  sides  of  the  hole,  and  that  the  lighter 
tx)al  passes  o£F  in  washing.    Doubtless  such  a  mixture  may  take  place  to  some 
email  extent,  but  I  do  not  think  appreciably  so ;  the  hole  is  always  cleaned  out 
foot  by  foot  before  the  chisel  is  set  to  work  on  a  fresh  12  inches  of  desGe&t, 
while  the  lowering  and  drawing  up  of  the  sludge-pump  must  as  a  lule  smooth 
ofiE  any  asperities  in  the  hole  fairly  well.    Thus,  the  only  shale  that  can  ordi- 
narily fall  is  such  as  might  be  knocked  ofE  in  the  descent  of  the  chisel  and 
rods  for^the  next  operation,  and  their  withdrawal  prior  to  sending  down  the 
sludge-pump  for  the  new  stufE.    Experience  in  the  Ohanda^  Bewah,  and  I  think 
in  nearly  all  cases  where  coal  has  been  worked  on  our  boring,  has  shown 
that  the  bore-assays  give  a  fair  estimate  of  the  capabilities  of  the  coal,  from 
which  even  a  slight  reduction  must  be  made  to  tally  with  the  results  exhibited 
on  actual  work. 

It  must  also  be  noted  that  it  is  only  the  fragments  of  coal  and  coaly  shale 
obtained  from  working  of  the  material  brought  up  which  are  assayed ;  it  being 
more  by  practice  and  a  knack  of  sampling  and  fingering  that  a  boring  expert 
can  judge  of  whether  the  material  can  be  considered  a  cool  with  more  or  less 
of  shaly  partings,  or  a  sJiale  with  more  or  less  of  coaly  lamineo,  or  a  coal  altogether, 
I  have  full  confidence  in  Mr.  Stewart  being  an  expert  of  this  stamp^  and  an  honest 
one  too. 
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As  it  ifl,  all  the  boring  sections  wluch  we  have  carried  ont  agree  feirly  well 
in  their  exhibition  of  the  poorness  of  the  seams  of  coal  such  as  it  is^  and  I  can 
only  come  to  the  conclusion  that  the  outcrop  near  Batansarai,  as  well  as  that  near 
Dibdorah,  is  rather  an  evidence  of  local  and  rare  occurrences  of  good  coal  than 
that  the  boring  sections  indicate  local  f alling-ofE  in  the  quality  of  the  seams  gene- 
mlly. 

It  would  have  been  satisfactory  had  the  supplementary  boring  No.  2a  been 
carried  down  even  through  the  seam  already  met  with  in  No.  2,  if  only  as  a  sort 
of  check  on  its  display  of  evident  depreciation  on  the  outcrop,  but  this  could  not 
be  done ;  and  were  it  not  that  the  whole  evidence  is  so  i&uoh  against  any  improve- 
ment, I  would  ahnost  like  to  carry  on  that  hole  before  removing  the  boring  plant 
which  is  now  stored  at  Jhapmnga. 

In  considering  the  operations  which  have  now  been  carried  out,  it  is  to  be 
noted  that  after  cJl  only  three  sides,  except  in  the  upper  portion  of  the  Lilian 
Valley,  of  this  large  area  have  been  tested;  a  considerable  portion  remaining 
unexplored  in  the  middle  or  upland  of  the  Hiugir  plateau.  In  the  first  place, 
the  most  promising  portions  of  these  edges  have  been  tested ;  while  I  am  pretty 
certain  from  my  examination  of  the  outcrops  on  the  north-eastern  side,  that  is,  in 
the  Dulunga,  or  Godadia  Valley,  that  there  is  no  hope  of  more  promising  boring 
in  that  direction.  The  Lillari  borings  near  Ghowdibahal  are  only  4  or  5  miles 
from  the  Godadia  Valley,  the  interval  being  covered  up  by  Kamthis ;  it  is  ex- 
tremely unlikely  that  there  should  be  any  improvement  in  that  interval  other  than 
perhaps  locally  and  of  insufficient  extent  for  railway  requirement.  There  is  a 
further  place  of  coal  outcrops  between  the  Lillari  and  Oira  Valley  sections,  namely, 
that  of  Lakanpur  or  the  Bagdia  VaUey,  where  denudation  of  the  overlying  Kamthis 
has  given  a  bay  or  broad  indentation  displaying  a  good  many  of  the  beds  and 
some  of  the  seams  already  met  with  on  the  Lillari  and  on  the  Oira.  I  have  exam- 
ined the  Lakanpur  outcrops,  and  they  are  just  of  the  character  now  so  well  known 
all  round  the  country. 

There  remains  a  long  strip  of  Barakars,  showing  however  no  coal,  on  the  south- 
western side  and  in  the  neighbourhood  of  Hiogir  which  might  be  tested ;  but 
I  have  no  ground  to  go  on,  not  even  the  lingering  chance  that  here  there  should 
be  for  once  in  a  way  a  richer  part  of  the  field  than  anywhere  else.  It  will  be  seen 
presently  from  my  account  of  the  Pazar  area  of  Barakars,  some  8  or  10  miles 
to  the  north,  that  my  abandonment  of  this  Hingir  tract  is  not  due  merely  to 
opinion  and  despondency.  Next,  as  for  the  upland  itself  which  we  have  not 
attemped  to  penetrate :  it  is  made  up  of  the  covering  E[amthis,  which  would  have 
to  be  pierced  before  reaching  the  Barakars  underneath,  as  a  rule  to  depths  rang- 
ing up  to  300  feet,  the  strata  themselves  being  often  very  hard  and  intractable. 
This  depth  at  least  is  not  overpowering ;  but  even  so,  it  is  a  question  whether 
higher  Barakars  than  those  we  have  touched  would  be  found. 

The  relation  of  the  Kamthis  to  the  Barakars  in  this  area  has  always  been 
looked  on  as  one  at  least  of  overlap,  if  not  of  unconformity,  Mr.  Ball  having  had 
rather  a  strong  leaning  to  the  latter  condition.  I  myself  have  only  one  section  of 
what  I  can  look  on  as  showing  unconformity,  in  the  Jhajia  VaUey,  and  even  it  is 
obscured  by  what  looks  like  a  land-slip  or  slide  of  the  Kamthi  sandstone  clifEs 
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bordering  the  river  over  the  coal-measnres  in  thfi  bed.  The  whole  £aoie8  of  the 
occurrence  of  the  one  formation  on  the  other,  especially  along  the  south-western 
edge  of  the  field,  has  however  gradoally  led  me  to  concur  in  Mr.  Ball's  view  of 
there  being  an  unconformitj,  even  if  only  a  slightly  discordant  one»  the  difierence 
in  the  general  lie  being  on  the  whole  only  slight.  If  the  nnconf  ocmity  exist, 
as  we  are  more  inclined  to  consider  is  the  case,  then  the  ooal-measores, 
lying  as  they  do  in  a  flat  basin,  were  planed  down  to  a  certain  level  before  the 
deposition  of  the  Kamthis  :  and  I  think  I  have  every  reason  for  considering  that 
the  ChowdibahaJ  borings  were  commenced  in  very  nearly,  if  not  quite,  the  high- 
est coal  seams  left  by  that  planing.  On  the  other  hand,  if  the  relation  is  merely 
that  of  overlap,  these  Ghowdibahal  seams  are  certainly  the  highest  in  the  mea- 
sures ;  and  the  Kamthis  overlying  them  conformably,  and  therefore  also  in  flat 
basonal  form,  will  run  somewhat  to  the  deep  and  merely  offer  greater  thickness 
for  boring  than  I  have  suggested  above. 

The  whole  question  about  the  plateau  practically  turns  on  any  probability  of 
the  coal  in  the  seams  already  tried  improving  to  the  deep  :  and  on  the  thickness 
of  overlying  Kamthis  to  be  pierced.  The  first  is  really  after  all  a  matter  of  opinion 
guided  by  experience ;  and  I  would  put  it  this  way :  all  the  area  of  the  plateau 
south  of  the  line  of  railway  can  be  very  fairly  judged  of  by  what  we  know  from 
the  borings,  and  they  are  against  any  improvement  to  the  deep  thus  far.  The 
Baisandar  Valley,  that  of  Dulunga,  and  the  denuded  inlier  of  BanJcars  8  miles 
north-west  of  Hing^r  give  very  much  the  same  prospects  for  the  seams  to  the  deep 
on  that  side,  for  a  considerable  distance  inwards  from  the  edge  of  the  plateau. 
There  remains  then  an  inner  tract  norlh-west  of  the  railway,  and  west  of  Hin- 
gir,  which  is  practically  unworkable  owing  to  the  great  thickness  of  Kamthis, 
and  the  extremely  uneven  and  broken  condition  of  that  part  of  the  upland.^ 
We  have  the  levels  on  the  railway  trace,  which  is  run  along  the  lowest  part  of  the 
plateau,  giving  about  745  feet  as  the  height  of  the  upper  part  of  the  coeJ-mea- 
sures  at  either  edge  of  the  plateau.  The  Hingir  Boad  station  is  at  824  feet  over 
sea-level :  the  top  seam  of  coal  in  No.  2a  of  the  Lillari  Valley  section  is  probably 
about  252  feet  below  the  station :  there  being  a  rise  up  again  of  the  dip  from  the 
axis  of  the  basonal  lie,  which  runs  across  about  half-way  between  Ghowdibahal 
and  the  station.  This  axis  curves  round  to  the  north-west  after  this  and  runs 
up  the  middle  of  the  plateau,  so  that  the  dip  of  the  beds  from  the  north-east 
or  south-west  on  either  side  is  towards  that  line.  The  coal  seams  will  therefore 
deepen,  or  are  at  their  lowest  in  the  tract  now  under  consideration.  But  the 
country  gains  considerably  in  elevation  in  this  line  of  axis,  going  north-west  from 
the  line  of  railway, — so  considerably  indeed  that  at  least  300  feet  of  Kamthis, 
and  these  often  of  the  most  intractable  kind  from  their  conglomeratic  and  ferm- 
ginously  banded  constitution,  would  have  to  be  pierced  before  the  Barakars  could 
be  touched.  The  conditions  of  the  ground  and  the  thickness  of  the  upper  sand- 
stone are  here  the  known  factors ;  the  probability  of  the  coal  being  better  under- 
neath is  more  than  ever  a  matter  of  opinion,  and  I  am  compelled  to  fall  back  on 
the  simple  belief  that  the  probability  of  such  a  change  is  very  small. 

D.  Pazar  Valley. — On  the  northern  edge  of  the  Hingir-Raigarh  plateau  there 

^  Most  inefficiently,  fcnd  inde«d  incorrtctly,  delineated  on  the  one-inch  m^i. 
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is  the  rather  extensive  tract  of  Barakars  watered  by  the  upper  tributaries  of  the 
Kelo  and  Knrket  Rivers.  It  was,  like  all  this  part  of  the  country,  surveyed  and 
reported  on  in  a  preliminary  way  by  Mr.  Ball ;  while  I  also  had  an  opportunity 
of  seeing  its  southern  edge  in  one  of  my  marches.  Every  now  and  then,  promis- 
ing-looking fragments  of  coal  are  picked  up  in  the  lower  courses  of  these  two 
streams ;  but  they  are  always  thin  and  are  evidently  derived  from  the  2  to  3  or 
4-inch  layers  of  good  coal  occurring  so  frequently  in  the  thick  seams  of  carbona- 
ceous and  grey  shales.  The  only  somewhat  promising  exposure  met  with  by  Mr.. 
Ball  is  thus  described  by  him :  ^  ''In  the  Bendia  (near  the  mouth),  which  joins 
the  Kelo  at  Ghiri,  there  is  a  considerable  seam — 

AMoe^Aing — Dip  irrej^ular,  touthtoards  S*^ 

1.  Garbonaceoos  bImUm,  bedding  inregolar  with  iome  slight  coaly  layers 

towards  base 4'— 5'    0'' 

2.  Coal,  portions  flaky,  but  for  the  most  part  burnable,  mncb  wea- 

thered          4'  10" 

3.  Parting,  femiginons  sandstones 0     6" 

4.  Flaky  eoal,  with  carbonaceoos  shales  excessively  weathered  and  de- 

compoaed  6'    0 

16'    4"- 16     4" 

''  I  think  it  possible  some  good  coal  might  be  extracted  from  this  seam.  In  its 
present  decomposed  condition  even,  it  is  easy  to  see  from  the  manner  of  weathering 
that  good  or  fair  coal  exists.  The  thicknesses  given  above  do  not  hold  for  all  parts 
of  the  seam." 

Mr.  J.  O.  Ooodridge,  G.S.,  Deputy  Commissioner  of  Sambalpur,  while  on  tour 
this  year  in  that  part  of  the  country,  picked  up  a  large  fragment  of  almost  pure 
jetfy  coal,  about  4  inches  in  thickness,  from  a  shale  outcrop,  I  have  not  much  hope 
of  this  field,  but  even  were  the  indications  better,  the  field  is  not  at  all  convenient 
to  the  Una  of  raQway,  except  perhaps  on  the  western  and  eastern  sides.  On  the 
latter  there  is  an  opening  by  the  Baisandar  Valley  with  a  distance  of  about  40 
miles  to  Bajpur,  where  it  is  proposed  to  have  a  station ;  but  the  country  is  deci- 
dedly more  open  to  the  west  by  the  Kurkiet  to  its  junction  with  the  Mand,  in 
which  direction  there  would  be  about  the  same  distance  to  the  railway  crossing 
of  the  latter  river  north-north-west  of  Raigarh.  The  southern  side  of  the  field  is 
quite  closed  in  by  the  rather  lofty  and  scarped  hilly  masses  of  the  Hingir  plateau. 

2. — Wbstbbn  Fields, 

There  still  remains  a  great  area  of  this  Chhattisgarh  coal-measure  tract  which 
aooording  to  some  views  presents  rather  more  promising  indications,  and  which 
will  certainly  have  to  be  bored  before  any  newer  opinion  can  be  formed  on  its 
capabilities.  So  long  ago  as  1870,  Mr.  W.  T.  Blanford  brought  the  Eorba  Coal- 
field into  rather  favourable  notice  ',  and  later  still,  Mr.  Ball  described  the  Mand 
Coal-field  in  some  detail^,  while  I  have  myself  during  the  last  two  seasons'  work 

*  Eec.  G.  S.  of  I.,  IV.,  p.  106. 

*  Bee.  G.  S.  of  I.,  Ill,  p.  64. 

*  Rcc.  G.  S.  of  I.,  XV.,  p.  172. 
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with  the  help  of  Sub-Assifitant  Hira  Lai  almost  completed  the  snryey  of  them 
and  the  intervening  conntrj,  also  of  coal-meaanres. 

A.  Mand  Valley, — This  field  is  the  nearer  of  the  two  to  the  line  of  railway, 
though  it  gives  but  a  poor  show  of  oonveniently  accessible  coal  out<nrop8.  It  is 
about  35  miles  long  from  south  to  north,  the  southern  end  being  about  10  mike 
from  the  proposed  railway  crossing  of  the  Mand  Biver  at  14  miles  weet-n<»A- 
west  of  Baigarh.  Mr.  Ball  comes  to  the  following  oondusion,  baaed  on  his 
survey  of  the  eastern  side  of  the  tract : — "  In  reference  to  the  economic  proqieets 
of  this  valley,  I  am  distinctly  inclined  to  regard  them  favourably.  While  it  nnst 
be  admitted  that  the  majority  of  the  seams  which  have  been  examined,  as.  they 
happen  to  be  exposed,  do  not  disclose  coal  useful  in  quantity  and  quality,  it 
should  be  remembered  that  the  sections  are  much  covered  and  the  distorbance  of 
the  beds  (excepting  in  the  few  noted  instances)  has  not  proved  sufficient  to  give 
anywhere  a  complete  section  of  the  succession  actually  existing.*' 

My  own  observations  were  confined  to  the  western  side  of  the  valley,  over 
which  ground  there  are  every  now  and  then  exposures  of  shales  and  coal  in  the 
stream  beds,  particularly  in  the  Bijakharra,  the  upper  course  of  whieh  after 
leaving  the  hills  runs  for  a  mile  and  more  in  a  foot  and  half  band  of  coal  occurring 
in  a  seven-foot  seam  of  shales.  Lower  down  this  river  there  are  outcrops  of  yet 
lower  shales, — 9  feet  thick,  with  thin  layers,  over  18  inches—of  coal.  Traces  (rf,  I 
think,  the  same  seams  are  met  with  in  most  of  the  watercourses  and  larger 
streams  to  the  north,  but  all  the  seams  are  poor,  and  it  is  only  at  the  extreme 
northern  end  about  Amaldiha  that  any  improvement  is  observable— as  in  the  bed  of 
the  Oopal  nala,  which  for  several  hundred  yards  is  formed  by  a  2-foot  seam 
of  very  good-looking  coal,  associated  with  a  4  to  6-fbot  band  of  shales. 

Our  combined  observations  tend  to  the  conclusion  that  the  northern  half  of 
this  field  bears  a  strong  resemblance  to  the  condition  of  afiiairs  in  ihe  Rampur  field : 
perhaps  the  coal  looks  a  little  better,  as  at  Amaldiha ;  so  that  Mr.  Ball  may  he 
considered  to  have  formed  about  the  most  favourable  view  possible  as  to  its  capaU- 
lities.  The  worst  f  eathre  about  the  northern  end  is,  however,  the  wild  jungly  and 
out-of-the-way  character  of  the  country,  making  it  so  ill-suited  for  working  the 
coal  if  it  even  exist  in  sufficient  quantity  and  quality,  and  the  getting  it  out  of  the 
place. 

On  the  other  hand,  the  southern  end,  though  it  be  near  the  line  of  railway, 
does  not  show  any  good  coal,  and  over  a  gpreat  part  of  it  no  coal  at  all.  At  the 
same  time,  the  Btyle  of  the  rocks  is  promising ;  that  is,  the  sandstones  struck  me 
as  having  a  more  decided  Barakar  facies  of  the  right  sort  (as  displayed  for  in- 
stance over  the  Wardha  Valley  (Ghanda)  and  in  the  Godavari  Valley,)  being  mas- 
sive and  thick-bedded,  and  of  more  uniformly  pale  grey  or  huS  colours ;  while  there 
is  a  fair  display  of  underlying  characteristic  Talchirs  on  either  side.  At  this  end, 
there  is  a  quadrilateral  tnsu^t  of  some  32  square  miles  in  extent  of  those  sandstcmes 
which  might,  I  am  strongly  inclined  to  think,  yield  better  results  than  those 
hitherto  attained.  One  bore-hole  ought  to  help  judgment  as  to  whether  tiiere 
will  be  any  use  in  going  on  further  in  that  quadrilateral ;  while,  in  case  of  disap- 
pointment, a  few  holes  might  be  run  down  higher  up  the  valley  to  save  any 
chance  of  finding  coal  within  a  reasonable  distance  of  the  railway. 
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B.  Korba. — ^This  town  is  about  26  miles  north  of  the  railway  trace,  and  coal 
from  any  part  of  its  field  woxQd  have  to  be  carried  that,  or  a  somewhat  longer — up 
to  30  mileB — distance.  Its  chief  coal  exposnte  has  the  advantage  of  having  been 
reported  on  by  Mr.  W.  T.  Blanf  ord,  who  was  one  of  our  most  wise  and  cautions  ex- 
perts ;  henoe  it  hardly  befits  me  to  ofiEer  any  qualification  on  his  opinion  as  to  the 
merits  of  the  field,  except  in  so  far  as  it  may  arise  out  of  my  subsequent  closer  sur- 
vey of  the  ground.  His  report  was  written  in  camp  (18th  April)  without  having 
had  his  specimens  of  coal  tested  in  the  laboratory,  but  a  list  of  their  assays  (dated 
May  9th)  is  appended  to  his  paper ;  and  that  list  goes  far  to  show,  not  so  much 
that  the  coal  was  on  the  whole  less  promising  than  he  had  anticipated,  as  that  it  is 
really  after  all  very  much  the  style  of  coal  we  have  found  in  the  Bampur  field, 
and  that  a  similar  prevalence  of  thick  bands  of  shales  with,  it  may  be,  only  thin 
seams  of  coal  is  the  characteristio  feature  of  the  Ghhattisgarh  area.  Of  his  assays, 
there  is  only  one  case—and  that  is  in  the  lower  two  feet  of  a  4-foot  band  in  the 
great  70-foot  seam — of  a  decent  coal,  giving : — ^fixed  carbon  60*5  per  cent.,  volatiles 
29*5  per  cent.^  and  ash  10  per  cent.  The  average  ash  in  his  other  samples  is  at 
the  rate  of  30*7  per  cent.  The  finding  of  local  developments  of  workable  coal  in 
this  rather  large  area  by  boring,  will  be  after  all  very  much  like  looking  for  a 
needle  in  a  bundle  of  hay.  Hence  the  exploration  must  continue  as  hitherto  a 
labour  of  trying  likely  places  withjn  reasonable  reach  of  the  railway.  Failing  that, 
the  finding  of  coal  must  be  left  to  the  luck  of  private  venture. 

The  great  seam  should,  of  course,  be  tried  first  on  the  selection  of  sites  sug- 
gested by  Mr.  Blanford,  Next»  a  locality  or  two,  somewhat  more  out  of  the  way, 
but  giving  a  show  of  somewhat  better  coal,  can  be  tried.  The  area  of  coal-mea- 
sures stretching  to  the  westward  of  the  Hasdu  Biver  has  been  closely  surveyed  by 
Sub- Assistant  Hira  Lai,  and  he  reports  at  least  one  rather  good  outcrop  on  the 
Aharan  Biver  near  Sumedha,  giving  &  feet  8  inches  of  coal|  which  yielded  the  fol- 
lowing assay : — 

Moutnre 8*52 

Volatilef  (ezoliuiTe  of  moirtare) 80*08 

Fixed  carbon     " 64*66 

Ash               6*80 


100-00 

There  is  no  further  exposure,  so  nothing  can  be  said  of  the  extent  of  the  coal 
to  the  deep,  or  laterally. 

Lastly,  it  is  extremely  difficult  to  form  an  estimate  as  to  how  long  it  may 
take  to  complete  a  sufficient  exploration  of  these  areas  by  boring ;  but  as  far  as  I 
can  see  at  present,  if  the  Mand  Valley  is  to  be  abandoned  early,  that  ground  and 
the  immediate  neighboarhood  of  Korba  might  be  examined  during  the  coming 
season.  On  the  least  encouragement  in  the  Mand,  it  would  however  be  advis- 
able  to  work  slowly  and  gradually,  thereby  perchance  necessitating  the  keeping 
of  the  work  in  that  field  for  the  season. 
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APPENDIX. 

BoBiKO  J0UBVAL8  OF  THi  Assistant  Mnmre  BveiXBiB,  Raxpub  Coal-viud. 

No.  J  Bore-hole,  LUlari  Valley, 

ThSekBM 
Btnto  pMaed  through.  «!  bid,  ia 

Ml 

Surface  soil  and  days 12 

Hordrred  clay-stone 1 

CkMTse  brown  sandstone S 

Yellow  clay 1 

White  mottled  olay 10 

Red  mottled  clay 2 

Yellow  mottled  clay 2 

Carbonaoeons  clay ,  t 

n  shaly  sandstone S 

Yellow  M  „ 1 

Carbonaceous  shale  and  sundstone •  ' 

White  sandstone    .         • 2 

Carbonaceous  clay  and  shale 8 

Coal t 

Carbonaceous  shale  and  sandstone 2 

Coal    •• « 1 

Carbonaceous  shale  and  Coal 1 

White  shaly  sandstone ^ 

Carbonaceous  shaly  sandstone •         .         •         .        .  ^ 

White  sandstone ....^ 

Yellow  shaly  sandstone  ..         ..•• ^ 

Carbonaceous  shaly  sandstone ^ 

M         shale ' 

Coarse  shaly  sandstone 2 

Coal 7 

Carbonaceous  shaly  sandstone '•        •       .  8 

Shaly  sandstone ^ 

Carbonaceous  shaly  sandstone ' 

M         shale •        .       ~ ' 

White  sandstone ^ 

Yellow  shaly  sandstone ' 

Carbonaceous      „ ' 

„  and  shaly  sandstone ^ 

Coal  and  shale      .•• ....•* 

Carbonaceous  shale  and  shaly  sandstone ^; 

Coal • 


1 


Carbonaceous  shale  and  shaly  sandstone ^ 

Coal ^ 

Orey  shaly  sandstone "^ 

Carbonaceous  shale •       • 

„         shaly  sandstone 


Carried  over 


156 
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No.  1  Bore-koUt  ZUlari  raU«y,— eontd. 

ThJckneM 
8t»U  pBiMd  tlnoQgh.  of  bed,  in 

t—%. 

Bronght  forward         •  166 

Cmrbonaoeoiu  ifaale •••.  1 

„         Bbftly  sandstone 2 

n         shiile 2 

Grey  shaly  sandstone •         .  8 

Garbonioeoiif  shale  and  shaly  sandstone •  2 

M         shale 7 

,•         shaly  sandstone 4 

Grey  shaly  sandstone 6 

Cool 1 

Gr«y  shaly  sandstone 2 

Yellow  „           „           . 2 

Carbonaoeoos  shaly  sandstone 2 

n         ihale 2 

Coai 4 

Carbonaceous  shale  and  Coal «        •        •  8 

Coal "*...,..  1 

Carbonaceoas  shale  and  shaly  sandstone             ..••••..  11 

n             »    and  grey  shaly  sandstone 8 

White  sandstone 6 

ToTiL  226 


Water  tapped  at  12  feet  from  snrfaoe.    Work  ooinmenoed  9th  Deoember  1884^  stopped  6th 
Febmaiy  1886. 


No.  2  BoroJkole,  Lillari  Valley. 

Thickness 
StiaU  ptised  tbxongb.  of  bed,  in 

feet. 

Snrface  soil  and  clays 12 

Yellow  coarse  shaly  sandstone          •         .         •         .         • 16 

Yellow  and  red  sandstone         • 4 

Brown  and  yellow  sandstone •  6 

Yellow  sandstone •        •        •  1 

Brown       „ • 7 

Yellow  and  white  coarse  sandstone •         •  8 

Coarse  red  sandstone •         .  18 

Red  clay-stone       .         .         .         • 4 

Brick  red  sandstone •         •  '      .         .         .  1 

Red-sandstone •        •  '      .        .        .        •   '    76 

Light-browp  sandstone  .'.•..•••«•••  12 

Total  160 

Water  tapped  at  12  feet    Commenced  6th,  abandoned  31st  January  1886. 
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No.  9a  Baro4i4a$,  LOhri  Fathf. 

TbiekBMi 

Red  SAoditone 4 

Brown  sandstone 2 

Yellow       „ t 

Light-brown  sandstone 4 

Dark-brown          „ .  11 

Light-brown         » 1^ 

Datk-brown          „   * 9 

Bed                       „ 41 

Light-brown         „ 3 

Bed                      „ 5 

Bed  and  brown    ,« •        ....  1 

Bed  day-stone 2 

Dark-brown  and  carbonaoeons  shale 9 

Brown  shaly  sandstone 8 

Bine  and  brown  sandstone .  I 

Bine  and  grej         ,»              1 

Fine  bine                 »               4 

Bine  and  grey         ,»               ,2 

Slightly  carbonaoeons  fine  shaly  sandstone 2 

Carbonaoeons  shale         .         .        • 8 

M               »>     with  a  little  eoal  and  grey  shaly  sandstone 1 

„           shaly  sandstone           .         .        • 1 

„           shale         .        .         • 2 

Grey  ^ly  sandstone 1 

Ourbonaceons  shale 2 

^           shaly  sandftOBO 12 

„           shale 8 

„           shaly  sandstone 1 

„           shale U 

Grey  shaly  sandstone 1 

Caibonaceons  shale .8 

Coal 6 

Ctirbonaceons  shale 6 

Grey  sandstone 8 

Coal 1 

Carbonaoeons  shale 7 

Grey  sandstone 6 

Carbonaoeons  shale ^.S 

Grey  sandstone 6 

Carbonaceous  shale 2 

Coa{  and  shale 10 

Shaly  sandstone 2 

Grey  shaly  sandstone 6 

Carbonaoeons  shale        •         .         .         .        •    ^ 2 

Coal 1 

Carbonaoeons  shale •••! 

Grey  shaly  sandstone 7 

Total       .  260 
Water  tapped  at  7  feet    Work  commenced  16th  February,  stopped  1st  May  1885,  ok»e  of  sasson. 
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iTo.  8  BoTB'hoU,  JAUari  Vallejf, 

ThicknMS 
Strata  paased  through.  of  b»d,  in 

feet. 

SurlAceioil           .        ; 2 

Yellow  coarse  sandstone 1 

M     and  white  mottled  sandstone 1 

Brown  sandstone   . 9 

Bed  clay-stone 8 

,,    sandstone 08 

TeUow    M  .2 

Bed         „             •         .         ; 82 

,,    clay-stone • 1 

Brown    »i              1 

Dark  brown  and  black  sbaly  sandstone 4 

CaAonaceons  sbaly  sandstone,  witb  a  little  eoal 1 

Brown  sandstone  and  carbonaceons  shale -  8 

Grey  and  brown  sbaly  sandstone 4 

Dark  brown           •,           ,» .         •         ,         .  8 

Hard  light  bine     ,i           m             8 

Carbonaceons        „           „             1 

Hard  grey            „           „             1 

Fine  bine  and  brown  sbaly  sandstone         .        ;. 1 

Gaxbonaceons  sbaly  sandstone 2 

„         shale 12 

„         sbaly  sandstone 7 

Grey                 »           »                ..........  4 

Oatbonaoeons    h          n                S 

„           shale 11 

Coal *         .  6 

Carbonaceons  shale 1 

Grey  sbaly  sandstone 6 

Carbonaceons  shale •.  8 

C^ 2 

Hard  gr^  sandstone 6 

Carbonaceons  shaly  sandstone 8 

Coal 8 

Carbonaceons  shale ^ 

Grey  sandstone •         ...  10 

Carbonaceons  shale 4 

Coal 4 

Grey  sandstone 86 

Total       •  287 
Water  tapped  at  6  feet.    Commenced  18th  Jannaiy,  stopped  1st  May  1888,  close  of  season. 


ih,  4  JBoro'holo,  ZUlari  VaUey, 

ThiokoMs 
Strata  passed  through.  of  bed,  la 

<eet. 

Surface  soil 6 

Iron  stone  8ha1y[band 1 

Various  clays 11 

Carried  over        •       17 
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No.  4  Bore-koU,  LUlari  Fo^.^oonid. 

TUekBMi 

StnU  ptiMd  thiooffb.  of  bad.  ia 

Brought  forward  17 

Brown  ihaly  sandstone   .«•.." 8 

Carbonaceous  shaly  sandstone S 

Grey  and  broim  shaly  sandstone       ..........  !> 

Carbonaceous  shale • 2 

M           shaly  sandstone                    .^ 9 

„          shale ' 

Coal t 

Gr^  shaly  sandstone •• 4 

Coal  and  shale 2 

Carbonaceons  shale 3 

,,         shaly  sandstone 8 

„         shale  and  grey  shaly  sandstone •         •        .  5 

White  sandstone  .         .        .         .         .        •       .  •        •         •        » .       •                  .  1^ 

Carbonaceous  shale 6 

Coal * 6 

Carbonaceous  shale 4 

,,         shaly  sandstone ....  7 

„        shale 8 

Grey  shaly  sandstone ,        .  8 

Carbonaceous  shale 8 

„         shaly  sandstone •        •        .  ^ 

Coal 8 

Carbonaceoua  shale 8 

„         shtly  sandstone 1 

Coal •        .  1 

Carbonaceous  shale 18 

„           „     and  Coal 8 

Coal 8 

Carbonaceous  shaly  sandstone 6 

Grey  sandstone 18 

White        , .  9 

Carbonacious  shale 1^ 

Grey  sandstone •        .  ^ 

Carbonaceous  shale ^ 

Coal 8 

Grey  sandstone 80 

Carbonaceous  clay 8 

Grey  sandstone ^ 

Carbonaceous  shale 8 

White  sandstone 8 

Carbonaceous  shale        ..-..•• 8 

Coal * 

Grey  sandstone •  ^^ 


Total  887 


Water  tapped  at  16  feet.    Commenced  February  7th,  closed  May  1st,  1885,  close  of  sesion* 
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No,  6  Sore^hoUf  Lillari  Valley. 

ThieknMt 
Strftto  pMMd  through.  of  bed,  in 

feet. 

Surface  soil 4 

Various  clayi 10 

Dark  browu  sbaly  flandstane  and  clay I 

Carbonaceoaa  abale         ............  6 

Fine  grey  ebaly  sandstone        ••         ...        ^         ....         .  1 

Carbonaceous  shale         ..•.....••..  2 

Slightly  carbonaceons  fine  sbaly  sandstone                   4 

Grey  shaly  sandstone      •..•..••••..  1 

Carbonaceous  shaly  sandstone 2 

Grey  and  carbonaceons  shaly  sandstone 6 

Coal 9 

Carbonaceons  shale         .        ' 4 

„          shaly  sandstone           .         .         .         .         i 1 

y,          shale                  1 

„          shaly  sandstone .  1 

„         shale         .         .       , 1 

„          and  grey  shaly  sandstone 4 

Wbite  sbaly  sandstone 6 

Carbonaceons  shaly  sandstone 6 

„         shale  and  grey  shaly  sandstone 18 

Grey  shaly  sandstone      .............  1 

Carbonaceons  shale         ............  ^ 

Coal 1 

Carbonaceons  shale         •         .         .        - 6 

Coal 4 

CarbonaceoQB  shale .  12 

Coal  and  sbaly  sandstone        .         • 1 

Carbonaceons  shale         ..•..•....•.  1 

Hard  grey  shaly  sandstone 1 

Coal 15 

Orey  sbaly  sandstone     .••....••••.  8 

Carbonaceons  fine,  shaly  sandstone •  8 

„          shale 10 

Orey  sbaly  sandstone     .         • 80 

Yellow  and  mottled  clays 8 

Carbonaceons  shaly  sandstone 4 

Wbite               i»               99              ..........  S 

Grey                  m                »»               8 

Wbite  sandstone 16 

Carbonaceons  shaly  sandstone                   1 

„          shale  and  eoal   ...........  2 

Coal 16 

Carbonaceons  shale  and  ^al 1 

Orey  sbaly  sandstone 6 

Total        .  221 


Water  tapped  at  14  feet,  wbicb  flowed  over  surface  to  the  end.  Commenced  November  20th,  1886, 

stopped  80th  January  1886. 
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No.  6  Bore-hole,  Lillari  Valley. 

ThMoM 
Strata  passed  through.  <rf  bed,  ii 

feet. 
Surface  toil 9 

Soft  brown  aandatone .        J 

„  yellow        „ 3 

„  brown         „        witbcUy         •••....,..        8 

Brown  sandy  clay  •••••......         .3 

Qrey  abaly  sandstone      •••••••..  .6 

Brown     „        „  1 

Carbonaceous  shaly  sandstone ,  4 

<Spey  >,  H '.'.!..        6 

Carbonaceons  sbale  ,         ^  9 

}»  M    wid  coal      .••....,,.,9 

Coal [         \         '.         [  1 

Caibontfceous  and  grey  shaly  sandstone  and  eoal 1 

Orey  and  carbonaceous  sbaly  sandstone [4 

Carbonaceous  sbaly  sandstone .  S 

CooZ  and  carbonaceous  shale g 

Carbonaceous  fine  shaly  sandstone 5 

Grey  shaly  sandstone I 

Qrey  and  yellow  sandstone [        '  1 

Grey  shaly  sandstone^nd  eodl *  2 

Grey  shaly  sandstoue [         '        [  i 

Yellow  „  „ >....'.$ 

Carbonaceous  shale ..'...*  6 

„           „    and  grey  shaly  sandstone 8 

„        shaly  sandstone 1 

Grey  shaly  sandstone ^  ^ 

Coal *.         !  I 

Carbonaceous  shale '         *  4 

Coal !         .  4 

Carbonaceous  shale  and  coal    ••.......'  g 

Coal .'.*!!*  1 

Carbonaceous  shale  and  coal    ,         .                                                                           '         *  j 

«-' '.'.'.'.'.:'..   s 

Carbonaceous  shale  and  eoal 2 

Coal .!!.'**  9 

Carbonaceous  shaly  sandstone *        *  2 

„  shale !*1 

M          shaly  sandstone *  « 

,9          shale          ....,.,         ^         ^                   *         *  2 

„          shaly  sandstone 4 

»>          Bhale !         !        '  4 

„          ahaly  sandstone *        '  j 

„          ahale '        *  2 

„         shaly  sandstone           .         '. *  2 

Yellow  sandstone « 

White        „ ".         i         .'.'!!!  12 

Carbonaceous  shaly  sandstone !  8 

»          ehale !        !  19 

Total       .     258 
Water  tapped  at  26  feet.    Work  commenced  20th  November  1886,  stopped  29th  Januaiy  188& 
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No.  7  Bor^-hoie,  LiUaH  VaXU^. 

ThiokneM 

Strata  pmed  fbroagfa.  of  bed,  in 

feet. 

Surface  soil  and  Tarions  clayt 15 

Vari-coloured  ahaly  Bandstones v  16 

Carbonaoeoas  shale 1 

Cba{  and  carbonaceoiu  shale 1 

Otobonaceons  shale 1 

Coal 8 

Carhonaoeons  shale 21 

Gr^  shaly  sandstone 5 

Gbirbonaceons  shale 4 

Qrey  shaly  sandstone 1 

Carbonaeeons  shale 8 

„           ahaly  sandstone 8 

M           and  grey  shaly  sandstone 10 

„           shaly  sandstone 8 

„           shale 1 

„           shaly  sandstone 4 

„          and  grey  shaly  sandstone 16 

„           shale        ... 4 

„           fine  dialy  sandstone 1 

„           shale 8 

„            „        and  eoal                  -4 

Coal 4 

Carbonaeeons  shale 9 

Total  141 
Water  tapped  at  16  feet.    Work  commenced  4ih,  and  stopped  20Ui  January  1886. 


ISo.  8  Boro-hoU,  XdlUtri  VaU^. 

Thiekn< 

Strata  passed  tbroagh.  of  bed,  in 

feet. 

Sorface  soil  and  clays ,  6 

Vari-colonred  sandstones  and  clays 19 

Slightly  carbonaeeons  brown  shaly  sandstone     .         .         •   , 8 

Oarbonaceons  shale 4 

,f           „       with  a  little  eoal      I 1 

»9  «f  •...••••....8 

„        grey  shaly  sandstone    • 16 

„        shale 8 

„        fine  slialy  sandstone 10 

Carbonaeeons  shale 8 

9,           „       and  eocd 9 

t,           N        and  shaly  sandstone 28 

„            n        and  eoal 3 

f>            >»              •         ...  10 

Coal  and  carbonaceous  shale 8 

Oarbonaceons  shale 18 

Coal             4 

Total        .     141 
Water  tapped  at  20  feet.    Work  commenced  on  the  4tb,  and  stopped  24th  January  1886. 
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1^0,  1  Bor^^U,  Oira  ValUg. 
Strata  paiatd  throof h. 


«ClNd,iii 


Soiface  soil  and  Tarioiu  claja 
Vari-ooloored  abaly  sancbtonot 
CarbonaceooB 


w       ahala 
Coal 

Carbonaceooa  abale 
Coal    . 


18 
11 

2 


U 


n 


M 


GarbonaoeoQs  shaly  aandatone 
Grey  shaly  aandatone 
White  fine  soft  aandatone 
Carbonaceona  abaly  aandatone 
White  „ 

White  and  yellow  ,• 
Carbonaceona       „ 

»,        and  grey  ahaly  aandatone 
M        ahaly  auidatone 
White  ahaly  aandatone 
Brown  and  soft  shaly  sanJstone 
White  shaly  aandatone 
Yellow  and  black  clay 
White  ahaly  aandatone  ,         • 

Yellow  and  white  shaly  sandstone    . 
White  sandstone  .... 

Carbonaeeons  shale         .... 
y»  ft    and  coal     •         •         • 

,y    shaly  sandstone 

Coal 

Carbonaeeons  shale         .... 
„    and  shaly  sandstone 
shaly  sandstone 
shale       .... 

^    and  grey  shaly  sandstone 
shale      .         . 
and  ooal 


1 


>f 


ff 


M 


n 


»• 


U 


n 


40 


Coal     «... 
Carbonaeeons  and  grey  shaly  sandstone 
White  sandstone 


Total 


16 
6 
5 

215 


Water  tapped  at  26  feet.    Work  commenced  Janoary  28th,  stopped  26  th  Pebrunry  1886. 


No,  2  Bore-hole,  Oira  VaUey. 
Strata  paiaed  throagh. 


Surface  soil,  sands,  gravel,  and  days 
Carbonaeeons  and  grey  shaly  sandstone 
shale  • 

shale  and  ooal  . 


n 


of  b<ia 
fetl. 


1 
6 
1 
9 


Carried  over 
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No.  2  Bore-koU,  Oira  Fa^y,— oontd. 

•  ThickneM 

Strata  pasied  through.  of  hed.  in 

feet. 

Brought  forward         •        89 

GarbonAceoiu  and  grey  ahaly  landatona 6 

M          shale •         •         .         •  2 

Coal 14 

Carbonaoeova  ahaly  iandatona 3 

Gray                 „           „ 17 

Carbonacaona  shale • 50 

Total        .      181 
Wattr  topped  at  9  feet.    Work  commeoeed  February  7th,  stopped  26th  February  1886. 


No,  1  Boring,  BaUandar  Valley, 

Thtekneu 
Stmt*  paeeed  through.  -  of  hed,  in 

feet. 

,  Sarliaee  soil  and  clej 8 

Vari-oolonred  sandateoea  and  clays  in  thin  beds 87 

Carbonaoeona  shale        • 1 

Garbonaceona  shale  and  grey  shaly  sunditone 4 

Fine  grsy  shaly  sandstone 6 

BUiek  shale 1 

Oarbooaeeona  shale  and  a  little  coal 1 

9 

Fine  carbonaoeona  shaly  sandstone 8 

Garbonaceona  and  grey  shaly  sandstone 8 

n         shale 2 

n  „     andeoisi 7 

M              »»             ■•..•••..                   .,2 
Coal 6 

Garbonaceona  shale         • 68 

»,          and  grey  shaly  sandstone 7 

Black  and  grey  shaly  sandstone «...  8 

Garbonaceous  shale 9 

CotU 26 

Total        .      190 

Water  topped  at  18  feet.    Work  commenced  9th  March,  stopped  80th  April,  for  ckMe  of  season. 
Progress  much  delayed  through  hard  stone  and  breaking  and  extraction  of-  chisel. 


Vo.  2  Bore-hole,  Baieaudar  Valley. 

ThleknesB 
Strata  passed  t^ogh.  of  bed.  in 

feet. 

Surface  soil  and  eky 3 

Garbonaceous  shale i 

Coal .         .        16 

Garbonaceona  and  grey  shaly  sandstone 1 

Oarried  over  86 
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No.  9  Bofe-hoU,  Baigamdar  VaUey,^conid. 

ThI 

Strata pMted  thnnigli.  ofbed,! 

Broaght  forward 

Gr^  ihalj  Bandstone SS" 

Carbonaoeons  shale 16" 

Slightly  carbonaeeoiu  and  grey  shaly  sanditone *'  ' ' 

Garbonaceoiis  shale 16  'I 

Coal 6 

Carbonaoeoos  shale  n 

Cfodl 6 

Carboxiaoeoiis  shale ••...> 

Grey  shaly  sandstone  S 

Carbonaceous  shale        • 4  i| 

Grey  yellowish  sandstone        ..••..        ^        ••.        .  9^1 

White  coarse  » ,         .        .        .  i* 

TOTAZ 

W«ler  topped  ftt  88  feet    Work  commenced  11th  March,  and  stopped  16th  April|  tinoi^k 

ing  of  chisel,  which  conld  not  be  extracted. 


No.  8  Bore-hole,  BaUandar  ValUg, 

Btmta  psised  through.  d  M»  1 

leek. 

Sorftuse  clays •        .  8. 

Grey  and  oarbonaoeons  shaly  sandntone •        .  9 

Coal 80 

Carbonaceons  and  grey  shaly  sandstone •         •         •         .  8 

Coal 4 

Carbonaceons  shaly  sandstone 19 

SHghtly  „         „            n 11 

Carbonaceons     „             8 

Highly  carbonaceons  shale 8 

Carbonaceons  shaly  sandstone 8 

Coal 10 

Brown  sandstone 6 

Grey,  mosUy  shaly,  sandstone .80 

White  shaly  clay  and  fine  sand 9 

White  coarse  sandstone           .         •        .        • 63 

TOVAK  189 
Water  topped  at  6  feet.    Work  commenced  16th  March,  closed  1st  May  1886|  ead  of 
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Field-Notes  from  Afghanist&n :  {JSo.  3),  Tarldst&n,  hy  G.  L.  OBiESBiiOH,  F.G.S., 
Oeologieal  Survey  of  India  (on  duty  with  the  Afghan  Boundary  OommMeion). 

The  geological  recoxmaissaiiee  which  I  carried  out  in  the  spring  of  this  year 

.....  was  limited  to  the  confines  of  Af ffhan-Torkistin  and  the 

IntxodQctioii.  , 

district  of  Bami^n,  which  embraces  the  area  north  of  the 
Tirhand-i-Tnrkistin  with  the  monntainons  country  stretching  north  of  the  Koh- 
i^Baba  to  the  Ozns  valley. 

The  broad  geographical  features  of  Afghan-Tnrkistdn  are  very  simple.  There 

Oeoffra  hieal  f  tores.     ^^^  *^^  distinct  areas :  a  monntainons  tract  which  oocn- 

pies  the  sonthem  part^  and  wide-stretching  low  lands 
which  skirt  the  hills  northwards.  The  mountain  area  consists  of  a  succession  of 
parallel  flexures  of  varying  widths  which  strike  west  to  east  or  nearly  so ;  generally 
speaking  the  folds  increase  in  absolute  height  and  decrease  in  width  as  they  ap- 
proach the  main  water-parting  of  Afghanistan.  Along  a  line  roughly  defined  as 
running  south  of  Maimana  to  Sar-i-Pdl,  south  of  Balkh  and  Mazar-i-Sharif  and 
thence  south  of  Tashkdrghin  to  Badakhshiln,  an  unsymmetrical  flexure  ter- 
minates the  hilly  tract  of  Turkist^.  This  flexure  presents  a  steep  side  towards 
the  north,  where  it  disappears  below  the  tertiary  and  recent  deposits  which  form 
the  great  Central  Asian  plains. 

The  principal  ranges  thus  formed  are :  the  Eoh-i-Baba,  one  of  the  links  in 
p  .    .^1  the  chain  of  the  great  watershed  of  Afghanistan.     Part 

of  the  Davendar  and  Ooshakh  ranges  of  the  Herat  valley 
may  be  western  points  in  this  same  chain ;  but  which  of  the  great  anticlinals 
between  the  Davendar  and  the  Koh*i-Baba  is  to  be  looked  upon  as  the  connecting 
link,  I  am  unable  to  say. 

North  of  this  main  line  minor  ranges  run  more  or  less  parallel  with  the  water- 
shed ;  of  these  is  the  Tirband-i-Turkistin  with  its  eastern  continuations.  South 
of  this  range  is  a  wide  synclinal  basin  which  belongs  to  the  Murghab  drainage. 
The  structural  prolongation  of  it  may  be  found  in  a  wide,  undulating  table-land, 
which  occupies  the  space  between  the  upper  Balkh-ab  (Rdd-i-Band-i-Amir)  and 
the  Elara  Koh.  I  have  not  visited  this  area,  but  Captain  the  Hon'ble  M.  S. 
Talbot)  B.E.,  describes  it  as  a  table-land,  of  which  the  eastern  portion  of  the  Kara 
Koh  forms  as  it  were  a  raised  rim.  The  northern  and  north-eastern  continuation 
of  the  Kara  Koh  forms  a  high  chain  against  which  a  number  of  smaller  ridges 
are  ranged  in  parallel  lines,  both  north  and  south  of  it.  North  of  these  auxiliaiy 
ranges  extends  a  wide  undulating  synclinal  basin  with  several  areas  of  depressed 
table-lands ;  the  northern  termination  of  this  basin  is  formed  by  the  outer  rim  of 
the  Turkistiln  highlands  south  of  Mazar-i-Sharif . 

The  drainage  of  Afghan-Turkistdn  belongs  to  the  Amti  Dsxii^  or  Oxus  river, 
-^^^^  although  only  one  of  the  streams  of  this  part  of  Afghanis- 

tin  actually  reaches  that  river,  namely,  the  Aksarai  or 
Kunduz  river,  of  which  only  a  small  branch  of  the  upper  portion  belongs  to  Tur- 
kistdn  itself.  All  the  other  streams  are  either  used  up  for  irrigation  purposes 
or  lose  themselves  in  the  loess  deposits  of  the  Ohdll,  which  forms  the  lowlands 
of  Tnrkist&n. 
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Tha  Oxas  riseB  in  the  Pamir  and  enters  Afghip-Tnrkist^n  as  a  large  riTer 

p  .    .^  .  north-east  of  Tashkdrghan.     Its  valley  varies  greatly  in 

width, — from  about  30  miles  near  Tashkdrghan  to  over 
80  miles  near  Akheha  and  Kilif .  It  forms  an  extensive  and  in  some  parts  very 
fertile  aUnvium,  which  presents  some  very  interesting  geological  features. 

The  other  rivers  are :  the  Maimana  river  with  its  many  tributaries,  rising  in 
the  higher  levels  of  the  Tirband  rang^ ;  the  Astar-ab  and  Sar-i-FuI  system  of 
drainage,  which,  flowing  from  the  mountainous  country  of  the  eastern  prolonga- 
tion of  the  Tirband,  loses  itself  in  the  plains  ol  Shibirkhan  apd  Akheha ;  the 
Balkh-ab,  known  in  its  upper  course  as  the  Biid-i-Band-i-Amir,  comes  from  the 
Hazaraj^t  and  after  a  grand  sweep  from  east  to  west,  turns  northwards  and  loses 
itself  in  the  swamps  west  and  north-west  of  Balkh ;  the  Khulm  or  Tashkdr- 
gh&n  river,  which  rises  north  of  the  EZara  Koh  range  and  after  a  more  or  less 
northerly  course  is  lost  in  the  sandy  wastes  of  the  Oxus  valley. 

Only  parts  of  the  upper  course  of  the  Aksarai  or  Kunduz  river  are  within  the 
Turkist&n  and  Gabul  Hazarajit,  north  of  the  Koh-i-Baba  \  the  Karm^rd,  Saigh^n 
and  Bami^n  streams  belong  to  its  drainage. 

One  of  the  most  notable  features  in  the  configuration  of  Afghan-Turkistin  is 

the  erosion,  by  the  rivers,  of  deep  gorges.  I  found  that  the 
inhabitants  applied  the  word  "  dara  "  (valley)  invariably 
only  to  defiles.  Some  of  them  are  exceedingly  narrow,  like  the  Yakh-dara, 
between  Deh-i-Faoz  and  Fadghan,  south-east  of  Maimana,  scarcely  wide  enough 
to  admit  an  unladen  mule  being  driven  tihrough  without  considerable  difficulty. 
Many  of  these  defiles  surpass  in  picturesque  grandeur  anything  I  have  seen  else- 
where ;  as  for  instance  the  course  of  the  Astar-ab  below  Fadghan,  where  the 
river  flows  in  a  narrow  gorge,  often  not  more  than  30  yards  wide  and  enclosed  by 
vertical  walls  of  limestone,  some  1,500  feet  sheer  height  above  the  stream  bed. 
Most  of  the  rivers  flow  from  south  io  north  and  hence  form  transverse  valleys 
through  the  ranges  of  Turkist4n.  They  have  eroded  gorges  where  they  cross  an. 
ticlinals,  and  formed  wider  valleys  with  side-streams  when  on  a  synclinal. 

Sk^iciural  feaiures. 

As  already  mentioned  the  Turkistin  highlands  jconsitt  of  a  suoeession  of  6ez« 

„   ^       .  ^  ures  more  or  less  parallel  to  each  otiher.     Their  struotoie 

Syst«m  of  flexaret.  *^   ,  ,.,-„.* 

IS  generally  tbtj  smiple  and  reveals  the  following  facts : 

that  (1)  the  lowest  beds  exposed  in  any  of  tfas  sections,  not  only  in  Turkistin  but 

as  far  as  is  known  in  Afghanistdn  generally,  belong  to  the    marine  carboniferous 

series;  (2)  that  the  latter  are  oreriaid  oomformably  by  a  long  succession  of  strata, 

partly  marine,  partly  probably  of  fluviatile  character,  which  form  an  unbroken 

and  conformable  series  from  tlie  Uf^r  carbonifeitnui  to  ujpper  Jurassic  or  neooo- 

inian  age ;  (3)  on  the  upturned  and  denuded  edges  of  Vkt^  base  of  older  rooks  upper 

cretaceous  limestone  of  great  i^ekness  rests  unconformably ;  (4)  tertiary  marine 

deposits  and  freshwater  beds  rest  conformably  on  the  upper  cretaceous  rooks ;  (5) 

that  the  general  outlines  of  the  present  oonfiguration  of  the  country  have  existed 

since  pliocene  times,  and  that  the  force  which  has  brought  about  the  wrinkling  of 

the  older  deposits  is  still  continuing  to  add  fold  on  fold  in  Central  Asia. 
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The  width  of  the  belt  of  flexares  appears  to  varj  considerably,  thoagh  the 
general  lines  of  structure  seem  to  remain  more  or  less  constant.  So  far  as  my 
observation  has  extended,  I  found  that  the  belt  of  hills  broadens  oonsiderably  in 
the  eastern  sections. 

Independent  of  minor  folds  between  the  lines  along  wbich  the  sedimentary 
zone  has  contracted,  I  believe  the  following  great  anticlinals  can  be  identified. 


4.    Kaiaar. 


Almar. 


Faingnsar. 


Maimana. 


Belchefagh. 


Deh  Miran. 


8ar-i-Pdl. 


Paisnah. 
(Attar-ab.) 


Albtirz.^ 


Chahil. 


TMhkdrKhin. 


Doab. 


2.    Maia  range  of  the  Tirband-I-  TarkittAn. 

Kara  Koh  range. 

1.    Synclinal  of  the  tipper  Morgbab. 

Upper  6alkh-ab 
(aneiplored.) 

AnticlinaU  of : 

d.  Bajgah  and  KRrtnird 

e.  Dandan  Shikan. 
b.  Ak  Hob&t. 

a.  PaluKotal. 

Great  watershed  of  Afghaniit^. 


First  g^onp. 


North  of  the  system  of  gveafc  folds  which  form  the  watershed  of  Afghanist&n 

is  found  a  wide  belt  of  shallow  synclinals  to  which  the 
Upper  Morghib  basin  belongs.  The  structure  of  the 
latter  is  explained  by  the  exposures  between  Kushk  and  BaJa  Murgh&b ;  the  in- 
terior of  the  baain  has  remained  a  ierra  inooqn,iXa  to  me.  Eastwards  of  thk  re* 
gion  is  the  table-liknd  of  the  Upper  Balkh*abi  whioh  Captain  Talbot  has  visited ; 
it  is  bounded  north  and  south  l^  the  anticlinal  rims  of  tiie  Euoh-irOBJaJaa  and  the 
Kara  Koh.  The  eastern  margin  of  this  depressed  table-land  is  puckered  into 
several  very  narrow  anticlinals,  across  which  the  principal  roads  to  Cabul  lead; 
difficult  passes  and  deep  gorges  trftvivse  cange  after  range  between  the  Kara 
Kotal  and  Bami&n.  The  hoadwaiieirs  of  the  KunduB  river  rise  in  these  folds. 
Immediately  nortii  of  this  belt,  a  series  of  wide  arches  and  anticlinals  are 

ranged  in  long  lines  across  Turidst^.      They  form  the 
group.  most  impoHiant;  land^fQ^urks  in  the  physioal  geography  of 

this  country.    I  include  amongst  them;  tixo^maiD  range  of  the  Tirband-i-Turkistfcti 
and  the  Kara  Kq|i.  . .,  _'.••..?   •>      • 

'.-  A  few  weU-d^fi^ed  wd  n^arqi^/fl^^ur9STbf^e  been  closely  pushed  up  against 
lTi!rd«onp      "  -  '  *^'  big&it^^iM??^i^f.the  second  group;  their  general 
*^  *^*  ^        .,d|irectiw;Baay,]^^  Painguzar,  south  of  Almar, 

through  Paisnah  o^  the  As^^^f^b  4k>  the  nocth  eide  of  the  Kara  Koh. 

To  the  fourth  group  I  reckQP.  i)ie;  i^ij^rte^^^nod  outer  rim  of  the  Turkistim 

highlands,  i.e.,  a  more  or  lesa  steep  anticlinal  which  dips 

^^^^'  under  a  high  angle  below  the  tertiaries  of  the  plains.  The 

ranges  immediately  south  of  Balkh  and  Mazar-i-6harif  belong  to  it.     Westwards 
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the  Albnra  and  the  long  antiolinals  of  Sar-i-Pal,  Mairoana,  &c.,  form  a  similar 
outer  rim. 

Between  this  range  and  the  third  group  of  flexures  is  a  wide  synclinal  de- 
pression with  areas  of  low  table-lands  in  which  streams  have  eroded  deep  ravines. 
The  greater  part  of  these  folds  consist  entirely  of  a  thick  mass  of  upper 
cretaceous  formations.  The  great  erosion  which  has  taken  place  along  the  north 
slope  of  the  Kara  Koh  and  within  the  flexures  of  the  third  group  has  exposed  the 
older  base  on  which  the  cretaceous  cap  rests.  Similarly  north  of  the  Koh-i-Haba, 
older  rocks  (carboniferous)  have  been  laid  bare  of  their  covering  of  upper  csreta- 
ceous  limestone  by  denudation. 

Against  the  last  great  fold  which  terminates  the  mountain  area  of  Turkist&n 
The  TorkiBtin   ki  northwards,  the  tertiaries  and  recent  deposits  are  ranged. 

North  of  the  Maimaoa  province  they  form  low  imdnlating 
loess  hills,  in  which  most  of  the  streams  which  drain  from  the  Tirband  are  lost. 
This  widespreading  loess  area  is  known  as  the  Chdll,  and  is  found  to  gradiially 
merge  into  the  great  plains  south-west  and  south  of  the  Oxas  river,  a  great  part 
of  which  is  covered  with  modem  aerial  deposits. 

There  is  good  evidence  that  antiolinals  are  even  now  in  course  of  formation 

within  the  recent  deposits  of  the  Oxus  valley.  I  shall 
have  to  recur  to  this  feature  when  describing  the  recent 
formations. 


Flexures  m  the  Oxus 
vall^. 


Stratigraphy  of  Twrhist&n. 
I  found  the  following  formations  represented  in  Turkistin  and  Bamiin : 


Age. 


Beoent 


Sab-recent  and  poet- 
tertiary. 


Pliocene    . 


Upper 


Miocene    . 


Lower 


Formations. 


Blown  sands;  allnyinm  of  rivers; 
fans. 


Loess  with  interbedded  elays,  saad^ 
stones,  and  conglomerates. 


Conglomerate  and  bright  red  and 
purple  sandstones;  bright  red  and 
green  clays,  with  brown  shales. 
PlanorbU  sp. 

Stlix  sp.,  and  plant-remains. 

Gypsum  veins. 


Localities. 


ChiiU,  Oxus  valley,  &c 


Ghull;  raised  beds  on  the  north 
slope  of  hills  south  of  Balkh; 
patches  within  sjnoUnala. 


Light  coloured  shales,  sandstones, 

and  clays. 
£stuarine   deposits  with   fish  and 

crustacean  remains. 
Plants. 
Sandstones  and    dark   clays   with 

marine  shells. 
Ceritkium  sp. 


Bamii^n  and  Matii£r  vallejs;  north 
fringeof  antielinals  from  Maim^na 
to  Taahk^rghin. 


Bami^n  and  Mather  Talleya;  south 
of  Tasbkdrghln. 


Ditto 


ditto 


ditto. 
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Age. 


EoeeneF 


'Upper   . 


Cretaceous 


Lower  . 


JnraMio 


Formations. 


Great  thickness  of  light  coloured 
sandstone  and  impare  earthy 
limestoiie.    JSwo^ra? 


White  chalk  with  flints.  Inoeeramui 

flp. 
JSxogyra  sp.,  many  bivalves. 
Thick  beds  of  white  limestone  with 

Bxogyra  sp. 
Janira  ^minqmeeottaia. 
Clays,  Boales,  shell  limestone^  and 

beds  with  Trigmiia  sp. 


Densely  red  grits  and  sandstonei 
shalea  with  plant-remains  i 

Trap. 

Dark  blmsh  grey  grits  and  sand- 
stone; plant-remains. 

Ash-beds. 

Sandstone  and  black  alum  shales 
with  plant-improBstons;  marine 
fossils. 


tipper  Trias  or  Bhie-    Light  cdonved  sandstones  and  shales 
tio.  with  ooal  $eam9* 


Upper  . 


Upper  Trias 


I  Middle  . 


'Lower 


Permo-Carbon   . 


Qreat  thickness  of  marine  sand- 
stone, Umeston^  and  shales  with 
eaal'Btam*, 

Sehizamura  8p«>  Ac 

^valves. 

Brown  sandstones  and  shales  with 

eoal-'seamt. 
SpMetiiM  wHmmartt, 

Marine  sandstones  and  limestone 

beds. 
Salobia  lommeli. 


Localities. 


ICathir,  Bamiin. 


Tirband-i-Tnrkistin  range  and  anti- 

clinals  north  of  it. 
Main  mass  of  the  Kara  Koh  and 

folds  between  BaighiLn  and  Tash- 

kdrghto. 

Middle  course  of  the  Astar-ab  and 
of  the  Almar  stream. 


Upper  Almar  stream  near  Ftein* 
gnar ;  Astar-ab  below  Faisnih* 

Khorak-i-Bala  north  of  the  Kara 
Koh. 


Doab  nortii  of  the  Kara  Kotal. 


Kotal-i-Sabs  (north  slope  of  Kara 
Koh),  Shisha  Alang. 


Ghahil ;  Shisha  Alang. 


Chahil^  north  sbpe  of  Kotal-i-Sabi. 


Chahil. 


Alteredshales(nuoa-Beh]st,  Ac.)  with 
graphitic  and  anthraeitic  seams. 
Clay  shales  with  impnra  eomL 
The  whole  trayeised  by  hom- 
blendio  granite. 


Coarse    oonglomerate   in   greenish 
matrix,  altered  by  granite. 


Massive  dark  limestone  with  bra- 
ehiopod  casts. 


Saighin;  Ak  Bobdt  Kotal  north. 


Paid  Kotal  and  gorge ;  Ak  Bob^. 


Ditto 


ditto 


ditto. 
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Dbscbiption  of  Fobmatioks. 
Termo-Oarhon, 

The  only  section  in  Tnrkiat&n  in  which  I  hare  met  with  strata  older  than 
T^Mfllitv  ixiBA  was  within  the  greatly  distnxbed  area  between  Sai- 

ghin  and  Bamiiin.  With  few  exceptions  most  of  the  beds 
in  that  section  have  been  altered  by  contact  with  intrasi^e  rocks,  amongst  which 
a  homblendic  granite  is  most  conspionotis. 

Between  Saigh&n  (8Q5(/)  and  the  north  entrance  to  the  Bami&n  valley  lies  an 
elevated  and  undulating  mass  of  hills,  which  consists  of  the  Ak  Bobat  synclinal 
(9800')  with  the  anticlinal  of  the  northern  Ak  Bob&t  pass  (10750")  on  its 
north  side,  and  ending  on  its  sonthem  flank  with  two  smaller  anticlinals,  which 
form  the  passes  to  Bami&n,  the  southern  Ak  Rob4t  pass,  and  the  Kotal-i-Palu. 

The  main  mass  of  the  hills  which  close  the  Bami&n  valley  on  its  north  side, 
and  over  which  the  above  passes  lead,  is  composed  of  upper  cretaceous  rocks,  which 
rest  unconformdbly  on  the  underlying  older  formations. 

One  of  the  branches  of  the  headwaters  of  the  Bami&n  stream  run  through  a 

defile,  which  leads  from  the  Ak  Bobdt  Kotal,  south  to 

Exposed  in  the  Bouth-     the  BamiAn  valley ;  this  gorge  has  be«i  eroded  not  only 
era  flank    of    the    Ak       . ,  .  i_        i.-  i.   *  ai.    n  i- 

Roh&t  pASB.  through  the  upper  cretaceous  rocks,  wmch  form  the  Pali 

Kotal  east  of  it  but  also  through  the  strata  below,  which 
belong  to  the  carboniferous  system. 

The  prevailing  rock  seen  on  both  sides  of  the  gorge  is  a  dark  blue  very  hard 

splintery  limestone,  traversed  by  white  oalcspar  veins ;  on 

Description  of  *^^     the  weathered  surfaces  of  it  I  noticed  badly  preserred  and 

Pog^jjf^  distorted  casts  of  brachiopods   (Prodtustus?).     The  beds 

of  this  limestone  formation  dip  under  a  high  angie  (from 
6(f  to  70^  to  north-west,  and  are  overlaid  a  short  distance  higher  up  the  valley 
by  a  semi-altered  conglomerate  or  boulder-bed.  A  few  irregular  layers  of  a 
similar  conglomerate  are  seen  to  alternate  with  the  limestone  beds  below.  It  re- 
mains in  aitu  a  considerable  distance  up  the  south  slope  of  the  Ak  Bob&t  Kotal, 
and  is  apparently  conformable  to  the  dark  limestone  with  brachiopods.  The 
rounded  boulders  and  pebbles  of  i^e  oonglomeTate  consiit  of  limestonei  and  the 
matrix  in  which  they  are  imbedded  is  likewise  calcareous,  and  od  a  greenish  colour. 
Near  the  southern  entrance  to  this  defile  this  section  disappears  below  the  upper 
cretaceous  and  tertiary  formations  of  Jihe  Bamian  vaUey. 

Large  masses  and  dykes  of  trap  traverse  this  section,  and  near  the  contact  I 
tnua    trft  fouud  the  Hmestoue  and  conglomerate  greatly  altered.    It 

has  also  penetrated  the  cretaceous  limestone  above  and  is 
therefore  shown  to  be  posterior  to  the  upper  cretaceous  epoch.  Similar  traps 
are  also  seen  in  other  sections  in  Af  ghanist&n ;  the  outburst  may  belong  to 
the  same  which  has  broken  through  and  altered  the  hippuritio  limestone  of 
Kandahar* 

The  kotal  (pass)  whiok  leads  to  the  Ak  Bob&t  synclinal  is  jMirtly  formed  by 
upper  cretaceous  rocks,  which  rest  unconf  ormably  on  the  older  limestone  and  con« 
glomerate  qeriea. 
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Between  Ak  BoMt  Tillage  and  Saigh&ii  the  older  series  crops  up  again  and 

is  stronglj  developed.  The  section  mns  from  soath  to 
lUA^^and  SaidSS*  north  and  is  formed  of  rocks  closely  resembling  the  lime- 

stone and  conglomerate  series  south  of  Ak  Bob&t.  The 
Bucoession  of  beds  dips  to  north-west  and  is  intersected  by  intrusive  hornblendio 
granite,  near  the  contact  with  which  the  sedimentary  series  is  highly  altered. 
I  found  in  descending  order : 

Vnccm.form.ahhj  overlaid  hy  cretaceotu  limestone, 

7.  Micaoeoas  altered  shales  with  thin  anihracitie  seam*  near  the  entrance  y  pgnj,o,g^«ijo„  north 
into  the  Saighin'  valley,  where  the  entire  series  is  u»eonforfiMbhf(  ^^  j^  BohAt.  Dip 
overlaid  hy  the  eretaeeons  limestone.  C     north-west. 

6.  Mica  schiat  and  gneiss  layers  traveraed  by  nnmerons  qnartz-veini.         j 


Here  a  mass  of  hornblendio  granite  traverses  the  section,  near  which  the 
adjoining  strata  are  entirely  altered  into  a  semi-metamorphic  series. 

The  granite  encloses  many  angular  fragments  of  rock,  derived  apparently 
from  the  neighbouring  shaly  gfronp ;  in  some  places  it  becomes  almost  a  breccia, 
cemented  together  by  granitic  rock. 

6.  Ondsstc  beds  with  »ioa  schist.  ^Permo-carhon     north 

4.  Micaceoos  shales  with  several  thin  beds  of  anihraeiHa  eoal,  partly  f     of  Ak  VLohit,    Dip 

graphitic  \     north-west. 

8.  Great  thickness  of  altered  shales  or  schists ;  micaceoni.  ^ 

\  Carhonif erons.  Gorge 

«.  areenUh  dte«d  conglomerate.  (    'S^S'^j^S^^d 

1.  Massive  daik  limestone  with  brachiopod  casts.  f     q^^^i  of  ^^  Bobit. 

J     Dip  north-west. 

It  will  therefore  be  seen  that  the  series  consists  of  three 
nc  gronps.     ^jg^j^^,^  g^ups  of  rocks,  which  are  in  descending  order: 

3.  Shaly  group  with  carbonaceous  seavM, 

2.  Conglomerate. 

1.  Limestone  (Productus  P) 

The  whole  succession  of  strata  dips  to  north-west,  where  the^  disappear  below 
the  cap  of  cretaceous  rocks.  All  three  groups  of  rocks  form  one  structural  whole 
conformable  to  and  passing  gradnally  from  one  into  the  other.  The  massive  dark 
limestone  with  brachiopode  in  particular  is  closely  connected  with  the  greenish 
conglomerate  above,  with  which  it  alternates  partly.  The  dark  limestone  I  may 
without  risk  identify  and  correlate  with  the  carboniferous  limestone  so  largely 
developed  westwards  in  the  Herat  province  and  Khoraasan,  and  thus  the  greenish 
conglomerate  will  also  have  to  be  included  in  the  carboniferous  group. 

Near  Herat  ^  I  observed  an  analogous  section,  although  there  the  thickness  of 

the  entire  series  of  beds  is  very  much  less  than  that  of  the 

Similarity  of  the  He-     Bamiin  rooks.     The  general  character  of  the  rocks  com- 
rat  section  with  Banuin.  .        ,    .,  ...  •    -i  r\    x-l         -xv.    i 

posing  both  sections  is  very  similar.     On  the  north  slope 

of  the  Davendar  greenish  beds  with  oonglomerates  and  a  thin  coal  seam  rest 

>  Records  Vol.  XIX  pt.  1,  page  64. 
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conformably  on  trne  carboniferons  marine  limestones.     At  Bamiin  the  oonglo- 
merate  and  the  bracliiopod  limestone  are  even  more  closelj  connected,  and  cannot 
be  separated  from  the  carboniferons  series. 

I  expressed  my  belief  last  year  that  the  greenish  sandstones  with  conglomerate 

of  the  Herat  proyince  may  represent  the  Talchir  horizon 
eeou2^^^  ^^  ^"**     of  India,  and  if  that  view  is  correct,  then  the  latter  isof 

carboniferous  age.     I  am  still  hoping  again  to  travena 

these  rocks  near  the  Hindu  Kush  range  at  some  point  where  the  alteration  throng 

contact  with  eruptive  rooks  has  not  quite  obliterated  all  organic  remainB,  and  so 

may  finally  decide  the  question  of  age  of  the  anthracite  shales. 

*    The  continuation  of  older  rocks  towards  the  north  and  below  the  cretaceous 

.....  .        cap  seems  likely,  as  is  proved  by  the  fact  that  at  27  to  30 

ozoie  and  triairic  aeriei     niiles  north  of  Saighiln  middle  triassic  rocks  crop  out  from 
hidden    by    exetMeoiu     under  the  overlying  cretaceous  limestone.      Below  the 

latter  and  in  the  belt  between  Saighin  and  Ohahil  I  ex- 
pect bXL  the  connecting  links  between  the  anthracite  shales  (3)  and  the  middle 
trias  will  be  found.  It  is  even  possible  that  these  links  may  be  exposed  at  spiae 
point  where  the  denudation  has  worked  through  the  covering  skin  of  cietaceons 
rocks. 

This  being  the  case  both  permian  and  lower  trias  are  hidden,  the  fonner 

perhaps  only  partially.  At  present  I  must  look  upon  the 
ant^SStoiihalei.'*^  anthracite  shales  of  Ak  Eob&t  and  Saighin,  connected  as 

they  are  with  the  underlying  carboniferons  senes, — a^ 
being  passage  beds  between  the  carboniferous  and  permian. 

The  intrusions  of  the  homblendic  granite  north  of  Ak  Bob&t  and  idlie  tnp  of 

the  Pald-kotal  belong  to  a  subsequent  epoch  and  may  pos- 
tni^o^  ^  "^'     ^^^^^  ^  ^'  ^^  cretaceous  age,  to  which  the  granite  intra- 

sions  of  Kandahar  belong. 
According  to  former  observers^  a  syenitio  granite    enters  largely  into  the 
composition  of  the  Hindu  Kush  range  near  the  pass  of  Hindu  Kush.    It  is  veiy 
probable  that  the  rock  I  observed  south  of  Saighiln  is  only  a  spur  of  tiie  granite 
masses  which  have  penetrated  the  limestone  of  the  Hindu  Kush. 

From  stray  notes  given  by  Drummond,*  Lord,'  and  others  who  were  in 
Afghanistan  during  our  first  campaigns  in  that  country  48  years  ago,  it  appeais 
that  a  formation  of  schists,  traversed  by  granitic  veins  and  enclosing  fragments  of 
limestone,  extends  between  the  Hindu  Kush  passes  and  the  Koh-i-Daman.  Along 
the  latter  even  the  seams  of  graphitic  coal  are  not  wanting,  and  so  one  may 
assume  that  at  least  the  older  Saigh&n  beds,  i.e.,  the  paJsoozoio  series,  oocnis 
also  south  of  the  Hindu  Kush.  The  strike  of  the  beds  in  that  district  is  approxi- 
mately from  south-west  to  north-east,  which  is  also  the  strike  of  the  Paghmia 
range  and  its  south-western  continuations.  Taking  into  consideration  the  report 
that  coal-seams  have  been  found  near  Qhazni,  the  inference  may  be  drawn  thai 

>  Lord,  P.  B. :  Joorn.  Ai.  Soe.  Beng.  Vol.  YII.,  621—1888 ;  and  India  Benew,  etc..  III.  815— 
1889. 

*  Jonrn.  Ai.  Soo.  Beng.  Vol.  VII,  p.  621,  and  India  Beyiew,  etc..  Vol  III,  p.  316. 
'  Joam.  Ai.  8oc.  Beng.  X,  p^  74. 
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the  Ohazni  ooal,  if  sncli  exists,  belongs  to  tlie  same  formation  as  the  grapliite  of 
the  Koh-i-Daman  and  the  anthracitic  coaJ  of  the  Ak  Bob&t  pass,  and  Saighiui. 
In  that  case  we  may  folly  expect  to  meet  with  the  older  coal-measores,  equivalent 
to  onr  best  Indian  horizon  (Karharbari-TaJchirs)  within  easy  reach  of  onr  Indian 
frontier. 

Trias  aful  Biyastio. 

Most  of  the  streams  which  denude  the  north  slope  of  the  Kara  Koh  and  the 
^^..  anticlinals  immediately  parallel  with  it,  have  at  seyeral 

places  entirely  removed  the  thick  cap  of  cretaceous  lime- 
stone and  so  uncovered  a  series  of  strata  which  I  found  to  represent  horixons  ex« 
tending  from  the  middle  trias  to  upper  jurassics.  Most  probably  this  is  the  case 
in  aU  the  deep  valleys  north  of  the  Kara  Koh  range,  but  I  have  only  been  able  to 
examine  a  few  of  them,  in  which,  nevertheless,  I  was  rewarded  with  good  sections 
through  the  lower  and  middle  mesozoic  groups.  I  found  the  best  sections  in  the 
Shisha  Alang  and  Ghahil  (Ohil)  valleys,  where  both  triaesic  and  rhietic  beds 
are  exposed.  The  streams  which  drain  these  valleys  rise  on  the  nortii  side  of 
the  Kara  Koh,  and  run  eventually  into  Uie  Balkh-ab. 

The  area  of  triassic  rocks  exposed  at  Shisha  Alang  is  quite  detached  from 
that  of  Ghahil,  that  is,  the  intervening  high  ranges  crossed  by  the  Shailrfshak 
and  Bala  Oali  passes  (8,800'  and  9,330^,  are  formed  by  upper  cretaceous  rocka 
which  hide  the  triassic  section  below. 

The  Ghahil  area  exposes  the  lower  strata  of  the  upper  triassio  group  of  modem 

Section  at  GhAhiL         European  geologists,  or  beds  which  closely  represent  hori- 

zons  from  the  zone  of  'RaXohia  lommeli  to  the  plant-bear- 
ing Lunzer  beds  of  the  Alps.  The  section  forms  a  wide  arch,  the  beds  of  which 
dip  generally  south-west  and  north-east.  Part  of  this  arch  is  overlaid  (near  its 
highest  point)  by  the  upper  cretaceous  limestone  of  the  Ghadli  Khan.  On 
nearer  examination  I  found  the  Ghahil  section  greatly  disturbed  and  in  some 
places  crushed.  But  I  was  able  to  determine  in  general  outlines  the  following 
horizons  in  descending  order : 

12.  Qrey  and  bright  coloured  saadfltonef ,  witb  shales  and  a  few  limestone  partings.  They 
weatber  nearly  eyerywbere  to  a  bright  brown  ochre  coloar»  reminding  me  in  that  of  the 
Himalayan  trias.  A  few  thin  eoal  teams  occur  near  the  top.  Lower  down  coal  oocnra 
at  regular  intervals  of  about  80  to  100  feeti  several  of  these  seams  are  apwards  of 
6  feet  thick.  Plant-impressions,  mostly  of  stalks  with  some  marine  remains  (bivalves)* 
hnt  in  a  poto  state  of  preservation.    Thickness  not  less  than  1»800  to  8^000  feet. 

11.  Kn^giained  greyish  brown  sandstone  in  thick  beds. 

10.  Coal-seam  i  thickness  10  feet  and  quality  apparently  excellent 
9.  Impore  coal,  with  partings  of  bituminous  shales  and  thin  beds  of  ferruginous  days. 
8>  Thick  beds  of  fine-grained  brownish  yellow  sandstone  with  grey  shales.     Eqwisetites 
toWmmaHs,  Stemb. 

7.  Grey  day  shales. 

6.  CoaUseam^  thickness  1'  6"  and  very  friable. 

f .  Brown  shales  with  plant-remains. 

4.  Coarse  grey  sandstone  and  grit ;  fragments  of  plant-remains  and  casts  of  marine  shells. 

8.  Gritty  white  sandstone,  very  friable  and  sandy,  in  thick  beds  containing  marine  fossils. 

8.  Same  as  8,  but  alternating  with  f  riaUe  light  grey  shales  with  bituminous  layers,  which 
yield  a  few  fragments^f  plants. 
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1.  Hsrd  eftlcaiwras  dark  brown  nndstoBc,  oooiAimng  rimaeroot  nsrine  remaint,  amongft 
which  MonoiU  salinaria  and  Salobia  lommtli  are  TAry  oommon.  The  low«r  put  of 
this  section,  beds  1  to  U,  cannot  be  lees  than  2.00(>  feet  in  thiekneM,  and  is  pralieblj 
mach  more. 

This  section  is  only  exposed  where  the  npper  oretaoeons  limestone  has  been 

completely  removed  by  denudation ;  consequently  the  base 

de^loi^  inl J!^^*^'  ""^     *^^  ^^^^  ^^  *^®  ^^^^   ^^^^  ^*"®y  ^"'^^   ^^®  °PP®^ 

Chahil  basin,  including  the  steep  south-west  slope  of  the 

Sabz  Kotal,  are  made  up  of  folds  of  the  triassic  group,  while  the  great  mountain 

masses  which  crown  the  sides  of  this  valley  with  inacoessible  clifb  belong  to  the 

upper  cretaceous  limestone. 

The  principal  fold  of  the  triassic  series  runs  nearly  due  north  and  south,  and 

at  the  northern  end  of  the  Chahil  valley,  wh«pe  it  forms  a 
DUtribSuon!^*'  steep  anticlinal,  is  dipping  SO*'  east  and  about  60°  west 

from  its  centre.  The  direction  of  the  fold  gradnallj 
bends  to  the  south-east  and  the  arch  widens  as  the  dip  lessens.  So  east  of  the 
second  viUage  of  Chahil  on  the  right  side  of  the  valley  I  found  the  lower  beds  of 
the  series  (1  to  4)  dipping  about  50^  north-east  below  the  cretaceous  rocks  which 
form  the  Chadli  Kh&n  peak.  West  of  this  same  rillage  rises  the  very  steep  and 
almost  inaccessible  left  side  of  the  valley  where  I  found  the  upper  beds  of  the 
series  to  dip  about  55^  to  60^  west  and  south-west.  The  same  beds  form  tira 
lower  slopes  of  the  upper  Chahil  valley,  left  side,  on  which  the  third  of  the 
Chahil  settlements  has  been  built  The  steep  cliffs  on  the  left  side  of  the  vallej, 
above  the  spot  where  the  stream  emerges  from  the  old  moraine  which  divides  the 
basin,  belong  to  the  upper  part  of  the  beds  12  and  contain  numerous  plant-remains. 

The  left  side  up  the  valley  above  the  villag^e  of  Chahil  is  not  only  very  steep 
but  where  accessible  almost  entirely  covered  with  loose  debris  from  the  creta- 
ceous rocks  above,  so  that  I  was  not  able  to  obtain  a  detailed  section  of  the 
uppermost  beds  of  the  series. 

The  lower  portion  of  the  ascent  to  the  Sabz  Kotal  is  hidden  under  a  thick 
deposit  of  glacial  debris,  and  the  triassic  strata  only  become  visible  in  the  stresm 
valley,  where  they  show  a  dip  of  about  60°  to  south-west. 

The  thick  coal-seam  (10)  with  its  adjoining  strata  is  in  niu  in  that  looaUt^i 
and  may  be  traced  for  a  considerable  distance  up  the  slope  of  the  Sabz  Kotal. 

Near  the  last  ascent  of  the  Kotal  the  north-eastern  shoulder  of  the  anticlinal 

^,  ^een  todip  40°  to  50°  north-east-by-east.  The  beds 
KoteU    ^'"^  V  exposed  be^W  U>  th^  ^fqpor  pwrt^  the  group  and  rest  on 

thje  nudn  cooZiieamf  (J^o., 10).  I lobeert^dihe  following 
succession  in  descending  order :  '        .f  .'.•'..'        .:;     •    - 

16.  Orey  and  light  coloured  days  and  clay  shiilei  with  yellow  f erraghione  partingf. 

16.  Whituh  grey  soft  sandstone,  very  fnable;  wealSien  rasty  brown. 

14.  Same  as  16. 

18.  Whitish  soft  sandstone  in  thick  beds. 

12.  Bad  shaly  eoal  V  thickness. 

11.  Brown  fine-grained  sandstone  in  thiek  beds. 

10.  Coal'seam^  10'  thickness  (No.  10  in  section). 

The  beds  12  to  16  represeot  the  lowest  portion  of  bed  12  of  the  entire  section. 
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So  far  as  I  am  able  to  determine  in  the  field  without  closely  examining  the 
Three  horizora,  com-      ^^^^  oontwits   of  this   locality,    it  appears  that  at  least 
parnble  with  foreign  lo-     three  horizons  can  be  made  out,  which  correspond  with 
^^^^^^  foreign  zones. 

1.  The  beds  at  the  bottom  of  this  series  represent  a  well-marked  horizon, 

which  occors  not  only  in  sereral  distant  parts  of  the  world,  as  for 
instance  both  in  the  eastern  Alps,  Transylvania  and  California,  bat 
also  is  well  represented  in  the  Himalaya  of  Knmaon,  Gharw&l  and 
Spiti,  and  this  portion  of  the  Chahil  section  may  therefore  be  iden- 
tified with  the  lower  horizons  of  the  npper-trias. 

2.  The  jiezt  higher  horizon  which  contains  plant-remains,  amongst  which 

Equisetitea  oolumnofrig  is  most  freqnent,-  may  be  compared  to  the  Lunzer 
beds  of  the.  eastern  Alps,  which  also  occnpy  a  position  over  strata 
with  Halohia  lommeli  and  Monqtts  salifiaria. 

3.  The  lower  beds  of    (12)  contain  plant-remains,  amongst  which  a  Schi- 

toneura  seems  abundant.  Whether  these  plants  will  be  found  to 
agree  with  any  of  the  Oondwana  species  is  impossible  to  say  at  pre- 
sent, but  the  group  in  which  they  occur  hare  a  strong  resemblance 
to  upper  Barakars  in  lithological  character. 

It  appears  therefore  that  the  section  exposed  in  the  Chahil  valley  must  be 
placed  in  the  upper  trias  as  now  understood  by  Alpine  geologists ;  the  lower 
portions  of  it  seem  to  belong  to  the  Hallstadt  horizon  of  the  Alps,  which  has 
been  traced  from  Central  Europe  through  Asia  to  California  and  New  Zealand.  ^ 

The  upper  portion  of  the  Chahil  beds  is  mostly  plant-bearing^,  and  yields 
characteristic  upper  triassic  (Lunzer)  forms,  of  which  some  are  common  in  the 
eastern  Alps  and  others  have  a  strong  likeness  to  middle  Gondwana  species. 

It  is  clear  from  this  section  that  the  triassic  rocks,  in  common  with  the  upper 
palsBOzoic  strata  of  Bami^n  and  Saigh^n,  have  undergone  crushing  and  disturb- 
ance long  before  the  deposition  of  the  upper  cretaceous  formations  which  rest 
unoonformably  on  the  former ;  I  believe  the  lower-trias  will  be  found  below  the 
encnxoous  limestone  cap  of  the  Kara  Koh  and  its  southern  extensions.  Perhaps 
some  of  the  deeper  valleys,  for  instance  the  upper  Bslkh-ab  gorge,  may  have 
cut  tiirough  this  overiying  mass  of  younger  rocks  and  may  thus  have  exposed 
the  most  interesting  of  triassic  strata. 

The  headwaters  of  the  Chahar-Aulia  stream,  which  unites  with  the  Kashindeh 
fwt!      t  Sh'sh    Ai  vftlley  some  distance  lower  down  its  course,  are  made  up 

of  numerous  small  rivulets  and  springs  which  rise  in  the 
high  regions  on  the  northern  side  of  the  Kara  Koh.  They  have  excavated  an 
axBa  of  about  20  square  miles  in  the  cretaceous  limestone,  and  exposed  the  under- 
lying folds  of  older  rocks. 

Beds   in  this  section  ^^®  ^^  ^  *^**  besin  have  been  folded  and  crushed 

disturbed  before  creUce-      before  the  deposition  of  the  cretaceous  rocks,  which  rest 
oiu  times.  unconf ormably  on  the  former. 

The  Shisha  Alang  triassic  series  forms  an  anticlinal  whose  axis  has  been  bent 

into  a  horse-shoe  shape,  the  toe  of  which  points  towards  the 
south-west.     Some  of  the  higher  portion  of  the  anticlinal 


I 

I 
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has  been  dennded  away,  and  I  fonnd,  therefore;  the  oldest  beds  of  the  section  i 

exposed  about  half  way  between  the  sonthem  entrance  to  the  Said  Did  Mirgind  i 

gorge  and  the  ascent  to  the  Shadbdshak  pass,  whereas  the  higher  horizons  ol 
Shisha  AJang  are  seen  near  the  headwaters  of  the  stream  of  that  name  and  close  j 

under  the  high  difts  which  enclose  the  Dara  Shadbishak.  | 

The  general  character  of  the  section  is  that  of  a  succession  ol  Baodstones 

and  shaJes  with  coal-seams,  which  contain  chiefly  land*  i 

ShiBha^anir^  '^  plants,  although  a  few  marine  remains  (brachiopods)  axe  ' 

also  found  in  some  of  the  beds  associated  with  the*^  former.  j 

There  are  also  several  horizons  of  concretionary  limestone  containing  marine  { 

fossils  only.  : 

The  HtJiological  character  of  the  group  of  beds  is  very  nearly  that  of  Hie  | 

upper  portion  of  the  Ghahil  section,  and  both  seem  to 
^B^ble  upperChahil     contain  similar  plant-remains.     I  beKeve  therefore  thai 

the  Shisha  Alang  rocks  form  simply  a  western  conianua-  \ 

tion  of  the  upper  Ohahil  group.  j 

The  lemarkable  feature  of  the  Shisha  Alang  beds  is  a  coarse,  gritty,  light 

grey  sandstone,  which  contains  fragments  of  plant-remains,  1 

«ffS!i'^''"'  *^'    *^"     besides  a  few  marine  bivalves.    This  sandstone  forms  well-  ' 

marked  divisions  between  the  several  groups  of  ooal- 
measuies,  each  of  the  latter  being  about  300  feet  thick.     I  cannot  say  how  many  r 

of  such  repetitions  may  exist  in  that  areay  as  the  beds  axe  far  too  much  disturbed 

to  enable  me  to  form  an  accurate  estimate.    But  along  the 

low  ridge,  which  forms  the  right  side  of  the  main  valley  of 
Shisha  Alang,  I  counted  7  separate  groups  of  coal-measures,  each  of  about  900 
feet  thickness,  which,  for  this  portion  alone,  would  give  2,100  feet  total  thickness. 

There  is  a  remarkable  uniformity  in  the  composition  of  these  groups  of  coal-  ' 

measures;  the  only  difference  seems  to  be  the  vaiying 
coS^eSLwi^  ^"^  "^     thicknesses  of  individual  beds  and  coal-seams.    The  gene- 
ral lithological  character  remains  the  same, — ^in  all  oases 
showing  a  dose  likeness  to  middle  Gondwana  rocks.    The  shales  are  generally 
dark  giey  with  particles  of  mica  scattered  throughout. 

One  of  these  minor  groups  of  coal-measures  north  of  Shisha  Alang  I  found 

^  ^  .,    «      ,,  to  dip  40^  south-west  and  to  be  in  descending  order  as 

Petiiils  of  section.  «  ^ 

follows  :— 

14.  Thick  beds  of  coane,  gritty,  grey  eanditone  with  namerons  fragmentB  of 

badly  preserved  plant-remains  and  a  few  marine  bivalyes  (OHrea  sp.)        .    60    O 

18.  Good  eoal    ••.• «-..54 

12.  Bitoninons  day 0    4 

11.  Coal 6    6 

10.  Coane  white  calcareooa  aandstone  in  Chick  bedej«>-«  lew  xnarine  bivalTva  •  60  0 
0.  Park  grey,  micaceons  shales  plant  fragmente  .  .  •  •  •  .70 
8.  Fine-grained  flaggy  sandstone  .••..•••  8  0 
7.  Coarse-grained  sandstone,  divided  by  grey  plant-shales,  and  alternating  with 

them 40    O 

6.  Coal  •         •        •        • 6    0 

Carried  over         .  188    8 
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Ft.  Ini. 

BroQgbt  forward         .  188    8 

« 

6.  Bitominoiu  claj  with  ferraginoog  coneretionf 2  0 

4  Cl0a2>Mami  divided  by  a  few  very  thin  partings  of  olay;  the  hitter  of  from  \ 

inch  to  8  inches  fhiekness.    Coal  rather  leafy.                        •    Total       .  12  0 

a.  Bitmniiioiui  ahake 26  0 

8.  Friable  noo^  with  plant-impieanoiif ,  eoniiatiiig  of  closely  packed  leaves  (Bekk" 

soaeiMV,  AxsJ  A^t^^ni^^^  ^^  Miuiis  of  good  black  «(Mrf.        .    Total      .  80  0 

1.  Coarse  calcareoos  sandstone  in  thick  beds,  moch  jointed     .                 .         .  80  0 


Tbtal  thickness         828    2 

Fnrtlier  up  the  sfaceam  I  notioed  that  the  dip  increased  rapidly  to  W  aonth-west- 

byHBQuth.    Several  of  the  beds  of  shales  yidded  good  specimens  of  plant-remainsy 

wfaioh  will  have  to  be  determined  hereafter. 

On  the  opposite  side  of  this  valley  where  the  beds  dip  to  the  south-east  at  an 

^  angle  of  from  40°  to  50°  I  found  some  brachiopods  in  oon- 

oretionazy  nodnles  which  occur  near  the  base  of  No.  14, 

in  a  ahaly  bed ;  they  seem  to  bear  a  dose  resemblance  to  upper  tnassio  forms 

(JBAync^oneUa  aem«p2eoto  of  St.  Cassian  P). 

The  same  sucoession  of  strata  may  be  traced  on  the  right  bank  of  the  princi- 

_..,.,.  ^     ^  pal  vaUey  of  Shisha  Alang,  and  there  shales  seem  to  pre- 

Bight  side'of  vaUoy.         ^^  .      .^  ,  .         *'   . ,    .,  ..         y    .  1"  , 

^  "^         dominate  over  sandstones.    At  the  same  time  I  found 

that  the  thicker  seams  of  coal  split  up  into  numerous  thinner  ones,  divided  by 

Intuminous  days  and  micaceous  shales.    As  many  as  18  or  20  separate  seams 

may  be  seen  within  about  300  feet  of  thickness. 

West  of  the  first  village  of  Shisha  Alang  the  coal-eeries  crops  out  again  and 

shows  a  similar  succession  of  dark  grey  Barakar-like  shales 
flf^iL^Ala"^  ▼»n*g«     laid  sandstones,  associated  with  leafy    coal-seams,   the 

whole  set  of  beds  being  enclosed  between  thick-bedded 

massive  sandstone  and  grits. 

I  notieed  that  the  sandstones  yielded  generally  only 

inS?S«P»^  ^'  **^     ™*™®  ^^^^  (mostiy  bivalves),  whereas  the  shales  and 

coal-seams  contained  numerous  Oondwana  plants. 
If  I  assume  the  average  thickness  of  the  best  coal-seam  at  6  feet  only,  which 

could  be  worked  over  an  area  of  9  square  miles  in  the 
qn^5*5  ^^'^^^^^     immediate  neighbourhood  of  Shisha  Alang,  I  find  that  the 

available  quantity  of  coal  would  be  no  less  than  50  million 
tons.  In  this  estimate  I  have  left  out  of  consideration  the  i^t  (1)  that  triassio 
coal-measures  with  large  seams  of  coal  are  actually  exposed  over  a  large  surface  in 
the  Chahil  vaUey  and  the  north-west  slope  of  the  Sabz  Kotal,  and  (2)  that  permo- 
earbon  strata  with  anthraeitio  seams  appear  between  Saighin  and  Bamiin,  and 
that  therefore  the  conclusion  is  evident  that  the  whole  lower  trias  and  permian 
strata,  i.e.,  the  equivalents  of  our  lower  Gbndwana  scries,  must  be  buried  below 
the  upper  cretaceous  limestones  of  the  intervening  country.  It  is  consequently 
almost  certain  that  the  entire  northern  Hazaraj&t  is  one  vast  coal-field,  which  is 
partially  hidden  by  superimposed  cretaceous  limestone. 
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Juraesio  aeriee. 

Books  litbologicallj  closely  resembling  iJie  Jurassic  deposits  of  Khorassan  and 

Herat  crop  out  from  below  the  cretaceous  cap  in  serenl 
localities  north,  of  the  Kara  Koh  and  north  of  the  Tirband- 
i-Turkistdn* 

East  of  the  triassio  sections  of  Shisha  Alang  and  Chahil  I  found  the  Jurassic 

series  in  great  force  in  the  valley  of  the  Doab  stream, 

Valley   of  the   Doab     ^y^j^  ^^^  ^^^  ^£  Khorak-i-Bala  on  the  slopes  of  the 
■tream,  * 

Sabz  Kotal. 

The  ridge  which  forms  the  Sabz  Kotal  is  formed  by  a  crushed  fold  of  upper 
_  .    Kotal  triassio  rocks,  overlaid  on  each  side  of  the  pass  by  opper 

cretaceous  limestone.  The  beds  dip  towards  the  south- 
east  and  disappear  finally  below  the  cretaceous  J^aw^ra-limestone,  which  composes 
the  east  slope  of  the  pass.  Below  this  cap  of  younger  mesozoic  deposits  the 
uppermost  trias  (with  rhsetic  and  lias  P)  is  probably  hidden,  for  I  found  the 
head  of  the  valley  of  the  Doab  stream  near  Khorak-i-Bala  occupied  by  foimatioDS 
which  I  believe  to  belong  to  the  upper  half  of  the  Jurassic  series. 

The  section  through  these  rocks  near  Khorak-i-Bala^  as  seen  from  the  heights 

of  the  Sabz  Kotal,  is  very  clear.     Successive  belts  of  dark 
Sectoon   of  Khorak-i-      jji-q^j^^  bluish  grey,  and  bright  red  rocks  which  compose 

the  Jurassic  series  are  seen  to  dip  at  an  angle  of  about  40* 
to  45^  to  the  south,  where  they  are  unconformably  overlaid  by  the  white  BfiBogyra" 
limestone  of  upper  cretaceous  age,  which  forms  the  steep  scarp  of  the  Kara  Koh. 
These  successive  belts  are  traversed  by  a  small  stream,  which  joins  the  Doab 
valley  from  the  right  near  the  village  of  Khorak-i^Bala.  To  asoend  the  Kara 
Kotal  I  had  to  go  up  this  side  valley  and  thus  traversed  the  upper  Jurassic  series 
nearly  at  right  angles. 

The  left  side  of  the  valley  near  Khorak.i-Bala  is  formed  by  very  friable  dark 

grey  to  black  alum-shales  with  a  few  badly-preserved 
•id^\£"*^''*  plant-impressions.     The  shales  weather  on  the  surface 

and  on  the  upturned  edges  to  a  bright  rusty  brown,  and 
often  show  a  bright  coloured  metallic  lustre  on  their  planes,  derived  from  decom- 
posed iron  pyrites.  The  deposit  seems  to  remain  very  steady  in  its  lithologi- 
cal  aspect,  and  is  generally  found  at  the  base  of  the  "  red-grit  group  "  wherever 
I  have  met  with  the  latter.     Along  the  north  side  of  the  range  called  the  Koh-i- 

kat-i-Shamshir  in  eastern  Khorassan,  as  far  as  Zorabad  on 
^worrenoe  e  sew    r  .      ^^  ^^  RM,  and  again  on  the  north  slope  of  the  Tirband- 

i-Turkistan,  the  character  of  this  deposit  is  the  aame,  I 
believe  the  horizon  will  be  found  to  be  middle  oolite ;  certain  it  is  that  the  shales 
rest  conformably  on  deposits  with  recognisable  lower  oolitic  fossils  in  aeveial 
localities. 

Dip    below  "red.ffrit  '^^^  ^^^^  ^^^  ^^^^  ^^"^  *^^*^  ^^^  ^^^^  '^^^^^  ^^<^ 

gronp '»  I  believe  to  belong  to  the  widely  distributed  "  red-grit 

group"  or  upper  jurassics;  the  passage  from  the  a>ii^*»f 
into  the  overlyiog  group  is  quite  gradual. 
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Tke  first  division   which   I   could  distinguish    in    the   ''red-grit'*    group 

rests  conformably  on  the  dark  alum-shales,  and  consists 

JDarkblnUhi  grejnnd-     chiefly  of  a  dark  bluish  grey  sandstone  and  grit ;  the  latter 

ment  of  "red-grit."  encloses  grains  of  black  limestone,  probably  derived  from 

the  carboniferous  rocks  south  of  the  Kara  Koh  and 
Bami£n«  It  appears  to  be  a  local  development  of  the  "  red-grit  group  ;*'  a  rock 
closely  resembling  it  I  found  last  year  near  the  Kala  Sard,  about  35  miles  south- 
east of  Mashh^.  The  blue  grits  are  not  sharply  separated  from  the  alum-shales 
below.  Thin  irregular  layers  of  the  latter  occur  between  thick  beds  of  the 
blue  grey  grits,  and  no  doubt  some  beds  of  the  latter  will  be  found  within  the 
alum-shales ;  such  I  found  to  be  the  case  along  the  north  slope  of  thci  Bar^li  hill 
in  the  Koh-i-kat-i-Shamshir.  The  total  thickness  of  the  bluish  grit  and  sand- 
stone may  be  about  1,000  to  1,200  feet  near  Khorak-i-Bala. 

It  is  conoordantly  overlaid  by  the  typical  red  sandstone  and  coarse  grits  with 
n«     . .  strings  of  conglomerates  which  seem  to  compose  the  upper 

jurassics  in  every  section  which  I  have  hitherto  seen  in 
the  Herat  province,  Turkist&n,  or  Khorassan.  I  found  both  in  the  bluish  grey 
grits  and  the  ^  red  grit  *'  some  poor  remains  of  plants,  mostly  only  impressions  of 
straight  stalks  and  carbonized  matter. 

On  the  left  side  of  the  Doab  stream,  near  the  upper  boundary  of  the  alum- 
,p, .     ^  shales,  I  found  an  irregular  and  impure  coal-seam  of  about 

2  mches  thickness. 
The  total  thickness  of  the  "  red  grits  "  is  not  seen,  as  it  is  discordantly  overlaid 
fay  the  cretaceous  limestone  of  the  Kara  Koh. 

Bocks  of  the  same  character  and  horizon  may  be  traced  along  the  Doab  valley 
J       '      f  D    h  ^^  ^  valley  of  the  Tashkfirghin  river ;  the  Kara  Kotal 

.  north  of  Doab  presents  steep  scarps  of  upper  cretaceous 
limestone  towards  the  north,  resting  unconformably  on  the  upper  and  middle 
Jurassic  groups.  The  sections  south  oi  the  village  Doab  reveal  the  Jurassic 
deposits  dipping  35**  to  40^  west  to  south-west  below  the  cretaceous  limestone,  and 
I  found  them  to  be  composed  of  the  following  groups  in  descending  order . — 

3*  Bed  grit  group  with  volcanic  breccia  and  tuffaoeous  beds. 
2.  Greyish  blue  grit  and  grey  micaceous  sandstone. 
1.  Dark  alum-shales. 

The  red  grit  group  (3)  is  of  the  usual  and  almost  invariable  character.  I 
found  also  here  some  igneous  beds  associated  with  it,  which  consist  of  hard  breccia 
and  tuffaceous  beds  interstratifiod  with  the  grit. 

Below  the  *'  red  g^t  *'  I  found  (2)  grey  micaceous  sandstone  and  thick  beds  of 
greyish  blue  grits,  alternating  with  friable  black  shales ;  this  formation  seems  of 
very  great  thickness  and  composes  all  the  lower  slopes  of  the  surrounding  hills. 

In  lithological  character  this  group  is  perfectly  identical  with  the  similar  rocks 
which  I  saw  near  Khorak-i-Bala,  about  10  miles  west  of  Doab.  Fragments  of  plants 
are  very  common  in  all  the  strata  of  group  (2),  but  a  bed  of  ferruginous,  rather 
concretionary  sandstone  1  mile  south  of  Doab,  yielded,  besides  numerous  plant- 
fragments,  some  marine  fossils  of  distinctly  Jurassic  types. 
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STorth  of  Doab,  on  the  way  to  Buii  Ifooiid:  tb»  loMr  grbup  (1)  of  the  jhebbsic 
series,  a  grey  sandstone  with  alnm-shalos^oiittiidii^a  lew  plant-remains ;  they 
form  all  the  lower  slopes  of  the  hills  on  both  sides  of  the  yalley.  The  Gretaoeons 
limestone  rests  quite  unoonformably  on  the  plant-bearing  shales  (1),  and  the  griis 
and  sandstones  of  groups  (2)  and  (3)  are  wanting. 


In  the  THrhancUuTSirkistdn. 

The  general  outlines  of  the  geological  structure  of  the  .Tirband-i^Torkiatin 
range  and  its  eastern  continuations  I  hav)9  alrQa4y  giveiu 

The  thj^d  anticlinal  (see  page  237)  whieh  trms  aktMst  snbzQben  from  Pam- 

guasar  to  Doal^  on  the  Taehkftrghte  wv«r  ozpoBes  hmee 
aIoiig"thfad  anticlinal.        "^^  middle  mesosoio  deposits  at  several  points  hekrtr  the 

»  capping  cretaceous  formations ;  I  have  described  the  older 
mesosBoio  and  Jurassic  beds  of  the  Hazaraj&t  in  the  pipeoading  paragraphs.  Tl^ 
only  other  localities  where  I  have  noticed  rooks  older  than  cretaceous  are  situated 
south-west  of  Maimiwia  and  south-west  of  Sar-i*P£[L 

In  some  respects  these  localities  preseni  altogether  novel  features,  inasmuch 

Novel  foaturea  ^  ^^^  ^^^  unootif onnity  betw^n  the  Jurassic  plant  series 

and  the  cretaoeoms  fonoaaftioni  ia  dcmbtful*  and  (8}  if  such 
nnooflofonnity  exists,  thjOta  the  overlap  of  tha  ciretapeooB  sfaiinaitioQS  murt  have 
begun  during  earli^  aeoooiAian  times.  I  believe,  however^  thai  tiie  a^arent  on- 
oonfonoity  whieh  Im^ticed  soii.th«>west  of  MaimAna  can  be  expiainad  di&retttly, 
and  that  therefore  the  change  of  sea*level  whi^  oceu^^  after  Jurassic  times  Hi 
not  affect  the  area  norih  of  the  Tirband  range. 

The  great  anticlinal  of  Paingusar«  16  to  18.niiles  f^osth  of  Almar,  exposes  somB 

of  the  upper  jnrassio  he!sitt>BB;the  overlying  str^a  being 
^^^^uth.west   of    Mai.     «  giuxjession  of  deposits^  anmngst  which  I  oould  determine 

both  lower  and  tipper  cretaoeods  horisons. 
At  first  sight  of  the  section  an  njouoonformity  seems  to  exist  between  the  red- 
^^.  grit  group  and  the  plantH^baJes  b^oWj  bnt  thore  are  reasons 

above  plan^2w^?^*  ^     which  are  against  the  assumpticm  of  aio^  actual  break 

between  these  two  formaliiQns ;  <1)  in  sections  west  of  this 
locality,  t.o.,  in  Khorassan,  the  red-grit  group  and  the  black  shales  of  the  plant- 
group  (Jurassic)  are  always  closely  associated,  SAd  in  f^ot  altemate  near  the  con- 
tact, and  the  same  feature  may  be  observed  in  all  the  €»iu^tem  sec^ns,  as  for 
instance  near  Khorak-i-Bala  (page  ^8)  \  (2}>  s^^ing  unconformities  ore  often 
observable  where  rigid  thick-bedded  formations  resting  on  softer  and  yielding 
rocks  have  undergone  lateral  disturbance.  In  such  cases,  whilst  the  overlying 
rigid  formations  have  only  been  bent  into  wide  curves,  the  softer  shales  below  have 
undergone  greater  crumpling  and  hence  an  app^ranoe  of  discordance  has  been 
produced. 

It  is  different  with  the  unconformity  between  the  older  mesossoic  formatJona 
and  the  upper  cretaceous  limestone  in  the  Hazaraj^t ;  there  the  same  vexy  well- 
marked  feature  can  be  observed  in  every  section,  and  the  direction  of  the  flexures 
of  the  underlying  rocks  differs  entirely  from  that  of  the  cretaceous  limestone  above. 
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The  clife  on  tlie  left  side  ol  the  valley,  between  Paingnzar  and  the  Ziarat 

Khwaia  Diwina,  show  the  following  sectipn  in  descending 
Seeiion  of  Paiognxan       ^^     * 

K     ]Cretaceoiii^np.  /Bedding  nearly  horl- 

Bed-grit  group  with  endomiiee  of  gyprom  j  the  passage  from  thii  into  the  V     lontal  near  top  of 
overlying  lower  cretaceous  beds  is  gradual.  \     the  anticlinal. 


putkedoverthehedshelow, 

6.  Dark  shales  with  partings  of  ferruginous  sandstone  and  strings  of  noduJ 

lar  clay  iron  ore.    The  general  character  of  this  rock  is  completely 

that  of  the  dari:  alom^riialss  of  the  Estoi  hiUs* 

&  Ikrk  grey  nicaceoos  sandstone  weathers  rusty  biowAs  planb-Mmains. 

4,  Dark  sWsSy  same  as  a« 

9.  Sandstone  same  as  6. 

2,  Shaly  sandstone. 

1,  Thick-bfdded  grey  sandstone.  / 

Along  the  same  flexnre  and  nearly  dne  east  of   Paingnzar»  I   again   met 

with  upper    jozascdc   rockSi    The    locality    ie    near   the 
IntheAstor-ab.  ^ii^es    of    Paisnah    and    Deh.i^Snrkh    in    the    Astar- 


Beds  dip  about  20^  ta 
I     85"   to   north-west, 
/    the  direotmof '  the 
general    dip  &  Um 
miles  further  on. 


ab  Talleyt  about  38  mileB  aouth-west  of  Sav^i-Pdl.  The  river  makes  a  sweep 
to  the  east  near  theee  Tillages,  and  turns  again  abruptly  ndrth  and  north-east 
0ome  6  or  7  miks  below  Paisnah,  where  iJb  cmts  through  tiie  e^tii^  orotaoooixs 
and  part  of  the  Jurassic  groups  akmg  a  line  whioh  now  eoincidet^  with  t^e  creot 
oi  the  third  antislinail  (see  taUe  page  327).  The  fi«»xure  of  the  roeks  has 
apparently  taken  place  after  the  greater  part  of  the.  valley  had  been  eroded 
out  of  the  meeosoic  series^  and  in  that  particular  locality  the  bend  into  an 
anticlinal  natural^  took  place  along  tiie  line  of  least  refflstance^  where  the  thick 
mass  of  the  upper  meeosoic  series  had  previously  been  ctit  through  by  the  rivei?. 
The  strata  aie  now  seen  to  dip  away  from  the  centre  of  tiie  valley — ^north  and  south. 
I  found  the  section  a  continuous  one  from  the  upper  cretaceous  ( J?ax>^yra*lime- 
stoue)  down  to  the  black  alum-shales  with  plant-impressions.  There  is  not  the 
slightest  unoonformity  traceable  throughout  the  series  of  strata  either  in  this 
locality  or  in  the  transverse  portion  of  the  Astar-ab  valley  between  Deh-i-Surkh 

and  Turghan. 

In  all  about  1,860  feet  of  strata  are  exposed  below  the  upper  J^aro^yro-lime- 
stone,  of  which  about  1,050  feet  belong  to  the  red-grit  group.  The  fclack  allum. 
shales  below  are  only  partially  exposed,  their  base  being  hidden  below  the  aUn- 
vium  of  the  Astar-ab. 

Oretaeeous  series. 

With  the  close  of  the  Jurassic  period  seems  to  hove  begnn  the  most  marked 

change  in  the  physical  conditions  of  this  part  of  the  world ; 

Change    of    physical     the  Jurassic  seas  began  to  shallow,  and  the  greater  part  of 

condiUons    after  juras-      rp^yi^ig^n  ^nd  Khorassan  became  most  probably   part  of 

a  continent  which  extended  towards  India.     The  forces 

r2 
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which  are  traceable  to  the  present  day  m  Turkistan  folded  and  crumpled  the 
older  and  mesozoic  formations  until  thej  were  raised  above  the  jnrassic  sea-level 
This  shallowing  and  partial  isolating  of  certain  sea-basins  -maj  even  be  traced 
in  the  lithological  character  of  the  upper  jurassics ;  the  ^^  red  grit "  which  keeps 
wonderfully  constant  over  the  whole  of  Khorassan  and  Turkistin  has  most 
probably  been  deposited  in  a  shallow  and  confined  sea,  and— <as  the  gypsum 
layers  in  the  sections  of  the  south-western  districts  of  Maiinina  show — ^possibly  in 
land-locked  basins. 

The  greater  part  of  the  upper  Jurassic  rocks  became  subject  therefore  to  sub- 
aerial  denudation  during  early  cretaceous  times.     Only 

Snb-aerial  denndAtion     jj^gj  certain  points  along  the  cretaceons  land  deep  bays 

danng   early  ^cretaoeooB  .  ^   ,        _.   :  ,     .    ^ T      i^x«  i^   •     ^i.        _a^ 

timesr  existed ;  oertainly  in  two  locahties,  namely,  in  vhe  seotuniB 

west  of  Pdl-i-Khatun  in  Khorassan  and  south* west  of 
Maimina  some  marine  deposits  rest  conformably  between  the  upper  jurassics  and 
the  upper  cretaceous  limestones  which  must  hi^ve  been  laid  down  in  such  arms  or 
firths  of  the  lower  cretaceous  sea. 

The  rocks  which  I  believe  to  belong  to  this  horizon  in  Khorassan  I  have 

described  in  former  notes  ^ ;  the  Maimfaa  province  offers  a 
^^jiOwercretRceouBdepo-      ^^^  similar  section  through  the  lower  oretaceoua  horison, 

and  I  met  the  series  fairly  well  developed  in  the  Paingnsar 
(Almar)  neighbourhood. 

Between  the  outer  range  of  the  Tirband,  ue, ,  the  most  northern  flexure,  and 

the  synclinal  of  Farad  Beg,  extends  the  third  great  anticlinal 
(see  page  327),  which  has  been  transversely  cut  through 
by  the  Almar  stream,  thus  exposing  the  entire  section.  Both  on  the  right  side  of 
the  valley,  east  of  Painguzar,  as  also  immediately  south  of  that  village,  the  creta^ 
oeous  series  is  seen  to  rest  conformably  on  the  red-grit  group,  and  in  spite  of  local 
crushing  a  fairly  complete  section  can  be  obtained.  I  found  the  following  beds 
in  descending  order : — 

7.  Thick-bedded  whitish  grey  hard  coral  limestone  with  Bxogyra  sp.  ^ 

6k  Greenish  earthy  limestone  with  Exogyra ;  total  thickness  of  these  two  r  ^ppw  cretaceons. 

groups  about  2,000  feet.  ^ 

5.  Consid^rahle  thickness  of  greyish  beds  inaeoessiUe^  but  oonformable  on 

the  beds  below. 
4.  Shell  limestone,  with  numerous  Foraminifenu 

8.  Do.        do.        containing  !ZWyojiiasp.  V.  Lower  cretaceous 
2.  Dark  grey  earthy  shales.  f"^'**  ^'^  ^^^ 
1.  Qreyish  green  soft  sandstone  in  thick  beds  with  concrationary  layers,  shaly 

towards  the  base. 

d%  Bed  sandstone  with  gypsum  beds. 

c.  Parting  of  culcareous  sandstone.  . 

6.  Coarse  brownish  grey  sandstone.  \  *^PP®'  jurassics, 

a.  Bed-grit  group. 

Further  eastwards  and  along  the  same  flexure  lower  cretaceous  strata  are  seen 
to  rest  conformably  on  the  red -grit  group  and  pass  upwards  in  the  upper  Exogyra 
limestones. 

^  Records  Vol.  XIX,  pt.  1,  pp.  59,  63. 
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The  Buocefision  of  strata  between  Ehamd&n  and  Deb-i-Surkh  in  the  valley  of 

the  Astar-ab  is  in  descending  order  aa  follows :  About 
^^Section  in  the  Aetar-      j  5qq  ^  2,000  feet  of  upper  cretaceous  limestone  with 

JSxogyra  sp.  resting  conformably  on — 

feet. 

6.  Greyiih  earthy  calcareous  sandstone  in  thin  flaggy  heds  .60 

4.  Light  gr^  impure  limestone  with  blnish  green  shaly  calcareous  sandstone  80 

3.  Same  as  (6)  with  Smogyra  sp 80 

2.  Bucty  biowD,  coarse  Baadstone  in  thin  beds  with  Trigonia  sp.  and  alternating 

with  shell  limeetone 250 

1.  Bluish  green  earthy  shules  and  day 80 

6.  Light  reddish  grit  with  shaly  partings  ....  .         .  20a 

a.  Thin  bedded  shaly  red  grits 00 

Total         .  2,810 

pasfling  gradually  into  and  vesting  conformably  on  the  red-grit  group,  whioh 
is  here  at  least  1,000  to  1,200  feet  in  thickness.  ^ 

The  sections  at  Painguzar  and  near  Khamd^  will  therefore  be  seen  to  be  very  « 

similar  and  to   correspond    in  general  characters  with 

tial^'^Sith^Skh^^^^^  *^®  succession  of  beds  west  of  Pdl-i-Khatun,  as  shown  in 

nk.  the  range  of  the  Takht-i-Oadzak  (see  Records  XIX,  p.  63) . 

I  beHeve  the  beds  1  to  5  will  be  found  to  be  of  lower  cretaceous  age  and  to 

be  identical  with  the  light-coloured  marls  of  Zulfik^. 

It  appears  certain  that  none  of  these  strata  reach  further  to  the  east,  as  I  have 
found  everywhere  in  the  Hazarajit  and  Afghan-Turkistdn  only  upper  cretaceous 
formations  resting  directly  on  older  groups. 

The  greater  part  of  the  province  of  Maimina  and  of 
Upper  cretaoeooa.  Af  ghan^Turkist&n  is  covered  with  a  wide-spread  cap  of 

upper  cretaceous  rocks. 
With  few  ezoeptians  the  beds  belonging  to  the  upper  cretaceous  horizons 

consist    of  white    thick-bedded    limestones.    Here    and 
cr^aMouB^  «PP«f     there  a  few  layers  of  sandstone  occur,  which  in  that  case 

often  contain  a  few  badly-preserved  plant-remains.  But 
by  far  the  greatest  thickness  of  the  upper  cretaceous  formation  is  made  up 
in  ascending  order  of  (1)  hard  white  splintery  limestones,  (2)  concretionary  earthy 
white  or  brownish  white  limestones,  occasionally  dolomitic,  (3)  chalk  with  flints. 
The  genersJ  character  of  the  group  seems  the  same  in  all  cases,  that  is,  it  is 
formed  in  massive  beds,  the  total  thickness  being  about  1,800  to  2,000  feet.  To- 
wards the  northern  sections  the  thickness  of  this  group  increases,  and  I  found  that 
south  of  Balkh  the  total  thickness  cannot  be  less  than  3,500  to  4,000  feet  In 
common  with  its  overlying  tertiaries  it  is  folded  and  bent  in  wide  anticlinals  with 
occasional  elevated  table-lands  between.  The  present  rivers  have  excavated  deep 
ravines  and  picturesque  gorges  through  the  rocks  of  this  group,  with  steep,  often 
vertical,  sides.  The  general  character  of  the  group  closely  resembles  that  of  the 
Quader  of  Bohemia^  with  which  it  shares  approximately  the  same  age. 

The  commonest  fossils  found  in  this  group  are  Bxogyra 
Foesils.  sp.  and  Janira  quinquecoBtata,  besides  numerous  others 

which  have  not  been  determioed  yet. 


854  BeeofdM  of  the  Geological  Survejf  of  India,  [vol.  six. 


"   be  fossil  contents,  not  less  than  its  frtmtigrapliicalpositiett  oyer  lower 

ceons  l3eds,  assign  an  npper  oretaoeotra  age  to  the  group. 

Ag«,    probftbly    two     j  believe  that  a  more  detailed  stttdy  fwill  possiblT  Teveal 
honsBons  of  upper  creta*       -  -  •     . 

eeoiu.  ^l^Bi^  A^  1®^^  ^^o  European  honflons  ore  Tepresented  tn  it» 

bat  I  have  not  been  able  to  dsstingaiah  aafty  divkions 
on  my  map.  v  .. 

-Bxogyra  sp.  I  found  in  all  horizoxis  of  the  upper  er6taoe6UB;  Imi  -it  fleema 
probable  that  the  lower  portion  of  it  is  chiefly  characterifiied  by  haider  SmestMeB* 
freqaently  a  pure  coral  limestone,  whereas  i^e  more  earthy  varietiee  edemto 
contain  principally  Evogyra  Up. 

The  uppermost  portion  of  the  upper  cretaceous  is  composed  of  white  ohalk 
wh'tfi  hfiiit   'thfl*  til      a^dsheH-Kmestone  with  flints,  and  containariwcenMiMitsp., 

Bxogyra  sp.,  d^). ;  it  forms  about  a  third  of  the  total  thick- 
liess  of  1^  group;  The  best  sections  were  found  in  northern  Turkistin,  between 
Haiback  and  Tashkdrghin,  and  south  of  fialkh,  where  the  white  chaik  fbram 
precipitous  cliffs. 

The  same  hoirizon  is  found  to  foism  the  upp«r  portion  of 

Localitiai  of  the  upper     the  cretaceous  deposits  between  Ohakau  and  Kalanan  north 
bedi  of  the   cretaceous  '-  ' 

west  of  the  Tirband.  of  Kushk  in  the  Herat  province ;  it  also  caps  the  cretaoeoua 

series  of  Zalfikir. 

Tertiary  formations. 

The  tertiarv  s^es  of  Turkistfo  isodmposed  oi  the  fol- 
Oompoution.  ,      . 

^  lowing  groups : — 

Pftst-pUooeue Aerfikl  Mid  fMehwiitor  d(H|eiits. 

Pliocene    .  .  .         .  FrMbWAfmr. 

Miooene     ....•••  Marine  and  freihwater. 

Eocene  (?) Marine  fonnaiMMiB. 

Of  these  groups  only  the  post-pliocene  deposits  occupy  latge  anaaa  in  Tuddat&n ; 
liocaliii  ^^  lower  gToupB  are  ooufinod  to  nanrow  stripe  e>:p08ed  in 

deep  folds  of  the  upper  cretaceous  fbrmatidn'and  m  a  few 
localities  in  the  Oxus  basin.  In  the  highlands  of  Turkistan^  and  the  HasaraJ^t  I 
have  met  the  older  tertiaries  in  Bamiin  and  Saighfoi,  where^  they  are  of  small 
thickness,  and  alo^g  the  northern  edge  of  the  hills  of  Tiirkist&&»  ue,f  reafieag  on 
the  chalk  beds  of  the  upper  cretaceous  series  which  dip  below  ^e  plainB  flimth 
of  Balkh  and  Mazar-i^harif . 

Xt  i»  probfldile  that  during  eocene  times  a  large  portion  of  the  upper  cretaoeaaa 

sea  began  to  shallow  and  here  and  there  even  ta  reoede 
afto^^JSucwiTtimM?^*     from  its  old  ooaat-linee.     The  f oree  wiiieh  compreBeed  tibe 

sedimentary  formations  into  ^  ni^MW  and  fblded  belt 
north  of  the  great  A%han  watershed,  dates  from  6arly  tertiaiy  times,  when  it  had 
forced  a  great  part  of  the  area,  now  OQCupied  by  the  Tuzjdstin  hiUa  and  HiB 
Hazarajdt  above  sea>level.  From  that  time  date  :the  .eaotansiva  denndatieina 
which  these  tracts  have  been  subjected  to.  In  succession  eocene  and^miobene 
formations,   marine   and  freshwater    were  removed  by  subsequent   and  later 
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erodoBB,  until  at  the  proBent  day  od^  a  ,£b«7  renmazits  of  the  older  zoarine  beds 
are  found  compressed  in  elevated  synclinals  high  up  on  the  northern  slopes  of 
the  Koh*i-Baba  and  Hindu  Kxuih, — and  the  remainder  of  the  area  only  shows  the 
blown  sands  and  fluviatile  f  grmations  of  much  later  date. 

After  the  deposition  of  tha  lower  miocene  formations  the  sea  seems  to  have 
withdrawn  finally  from  the  area  now  occupied  by  the  high  antidinals  of  the 
Torkist&n  hills  and  related  to  the  regions  now  occi^ied  by  the  great  Central 
Asian  depressions^  Jjacn^trine  and  flnviatite  deposita  began  to  spread  over  the 
gradually  wrinkling  surffu^  of  Turldst^  iM^d  filled  the  wide  synclinal  basins  with 
vast  accumulations  of  sands,  shales^  and  sandstone,  which  continue  to  the  present 
day. 

At  Mathir,  south  of  the  Kara  JCotal,  the  cretaceous  limestone  witL  Ezogyra 

sp.  forms  Sr  wide  synclinal  trough,  which  encloses  a  fairly 
Complete  tertiary  series,  which   I  found  in  descending 
order  to  be: 


Section  at  llathir. 


HT%89, 


9.  Aboot  160  to  SOO  fdet  of  OQDcralioiitty  grees  days  with  small  ferrngl- 
nooa  concMtioDB  and  rait-ooloiw^  mud  beds*  ^oontaining  fresh  water 
gaateiopods;  partings  of  clay  and  fermginoas  sandstone  el  bright 
orange  colonr.    Towards  the  base  some  pnrple-colonxed  sandstone. 
The  whole  intersected  by  thin  veins  of  gypenm. 
8.  800  to  800  feet  of  ohocolate-brown  sandstone  with  shaly  partings. 

This  groap  shows  fine  mad  deposits  or  clays  towards  the  base,  of 
yellowish-brown  colonr,  containing  fragments  of  vegetable  matter 
and,  leaves  I  thin  partisgs  of  pare  light  gn^  e^y-shales.  To* 
wards  the  npper  part  gritty  chocolate-brown  cli^s  and  sandstone 
predominate,  which,  from  thick  banks  in  the  ceatre  of  the  gronp, 
changes  into  thio-bedded  ati^ta.  A  few  thin  partings  of  olive-  \ 
green  clays  are  very  conspicnons  in  this  mostly  cfaocolate-colonred 
mass. 

7.  Great  thickness  of  grey  mid^oeons  sandstone  alternating  with  grey  and 

green  clays  and  chocolate-brown  sandstone^  which  contains  some 

gritty  layers  fiUss -bedded.  * 

6.  Bright  bluish  green  and  yellowish  brown  days  with  some  sandstone 

beds.  Conbiia  i^aot-remalns  and  freshwater  shells  i  gypsum  in  layers 

and  veins ;  great  thickness. 
S.  Densely  red  sandstone  with  a  few  purple  clay  beds,  towards  the  top 

great  thickness  of  bright  red  sandstone  and  conglomerate^  consisting 

chiefly  of  pebbles  of  cretaceous  limestone-  eemetrted  together  by  a/ 

red  oalcareons  matrU. 
Qreenish  dark  clays  and  shales  with  partings  of  brown  sandstone  with 

concretionary  structure.    Thickness  about  600   feet»  with  veins  of 

gypsum  and  yellowish-brown  earthy  shales. 
Tlie  shales  contain  some  facofds  and  other  plant-impres^ons,  besides 

rather  badly  pKBserved  ivmmns  of  fishes  and  nrastaceans. 

8.  Towards  base  of  grouj)  4^  dark  cUja  and  soft  day  shales  predominate ;  ^ 

the  shales  contain  plant-remains  and  marine  shdls,  CMMiimi  sp.;  r  JCocmm  (marint)^ 

thickness  about  600  feet.  J 

8.  Bed  of  greenish  clay  at  the  base  with  layer  of  gypsum.  ^ 

I.  Thick  beds  of  sanditooe  and  shales  with   greenish  earthy  «hales;C  ^^^,1^  p  u^i^\ 

JB09gjfra  sp.  5 

Besti  conformably  on  upper  cretaoeons  limestone. 


Upper  Miocene 
{eeiuariue). 
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With  the  ezceptioii  of  an  Exogyra  sp.   I   kaye  not  diBOOYered  any 

,,   , ,        remains  in  t&e  lowest  beds  of  the  tertiary  rooks.     The 
^  passage  from  the  upper  erataoeons  limestone  of  the  anti- 

clinal  north  of  Bajgah  to  the  miocene  Oertf  A»t»ni-clajB  (3)  is  gradnal  and  oontinn*- 
0U8,  and  I  would  natnrally  infer  a  representation  of  the  eooene  horizon  in  the 
section,  even  if  eooene  fossils  had  not  already  been  deseribed  from  that  locality* 
I  believe  Captain  Hay  ^  describes  eocene  fossils  from  beds  which  rest  on  oretueoms 
rooks  north  of  the  Bajgah  anticlinal,  but  nnf  ortnnately  his  paper  is  not  available 
to  me  whilst  I  write  this  in  the  field. 

In  the  Math&r  valley  this  gproup  is  of  considerable  thMtness,  pvobiJily  not 
,^.  ,  less  than  800  to  1»000  leet    The  strata  eosi]KMnng  it  are 

higlily  raised  np,  bnt  petrfecdy  oonformaUe  to  the  npper 
cretaceous  jEfax)^yra-lime8tone. 

A  very  similar  group  of  sandstones  and  shales  lies  between  the  npper  creta- 
ceous and  the  dark  mxoeene  clays,  south  of  TashkiirghAn, 

TaSkdr^liiS^  ^^^  ^^     ^^^^  *^®  tertiary  rocks  dip  under  a  steep  angle  below  the 

recent  deposits  of  the  Ozub  valley. 
Of  great  interest  is  the  group  of  partly  marine  partly  freshwater  strata  which 

Miocene.  rests  conformably  on  the  marine  eocene  beds  at  Math&r. 

Towards  the  top  of  the  gronp  of  sandstones  and  shales  (1)  beds  of  a  dark 

clay    or  clay^-shales   with   subordinate    sandstone    beds 
r^^/T'  ^^^^  appear,  which  finally  merge  into  a  thick  group  (about  500 

feet)  of  dark  friable  clay-shales,  which  contain  a  few  in- 
determinable plant-remains  and  some  marine  sheUsi  amongst  which  a  GerUhium 
sp.  is  the  commonest.  The  form  \a  probably  allied' to  a  species  also  found  in  the 
miocene  salt-bearing  group  of  the  Adarbaijan  province  of  Persia.  The  olay^efaales 
are  associated  with  gypsum  layers  and  veins,  which  occnr  not  only  in  this  horison 
but  throughout  the  overlying  strata. 

This  group  passes  upwards  into  sandy  shales,  with  oonoretionary  brown  sand- 
stone and  yellowish  brown  earthy  shales.    The  passage  from 
E>taArine  formation.        ^^^  Oen^J^itim-clays  into  the  group  (4)  is  so  gradual  that 

I  must  assume. the  latter  to  have  been  deposited  nnder  es- 
tuarine  conditions  near  a  gradually  shallowing  sea.  Of  marine  fossils  I  have 
found  none  in  the  group,  but  some  plant-impressions,  mostiy  fragments  only.besides 
badly  preserved  fish  and  crushed  crustacean  remains  are  common.  Veins  and 
irregular  layc^rs  of  gypsum  are  found  throughout  the  gronp,  which  is  well  exposed 
on  both  sides  of  the  Mathir  valley  in  which  the  tertiary  series  forma  steep 

cliffs. 

Group  (4)  is  overlaid  conformably  by  a  series  of  beds,  which  all  pass  gra- 
dually from  one  into  the  other,  and  evidently  form  one 

'^  ^"^  structural  unit.    They  are  all  freshwater  deposits,  probab- 

ly of  fluviatile  origin,  and  remarkable  for  the  bright  deep  red,  brown  or  green 
colours  prevailing. 

The  lowest  stratum  of  this  series  is  a  coarse  conglomerate  which  is  chiefly  made 
up  of  rolled  debris  from  the  cretaceous  limestones  cemented  together  by  a  red- 

>  Joam.  Af.  Soc.  Beng.,  IX,  18U)»  p.  1126. 
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dish  calcareons  matrix.  It  is  well  seen  on  both  sides  of  the  valley  and  near  both 
ends  of  it,  but  perhaps  may  best  be  examined  north-west  of  the  village  of  Math&r, 
on  the  right  side  of  the  stream^  where  i  observed  it  to  rest  seemingly  conformable 
on  the  underlying  upper  miooene  rocks.  With  this  conglomerate  and  above  it 
aro  thick  beds  of  densely  v^d  coarse  sandstones,  alternating  with  a  few  thin 
earthy  purple  layers.  The  total  thickness  of  this  group  is  very  great ;  at  Mathdr 
not  less  than  800  to  1^000  feet  are  exposed  of  it,  but  in  other  sections  this  figure 
is  largely  exceeded^  and  is  most  probaUy  several  thousand  feet.  The  group  is  of 
wide-spread  extent  north  of  the  central  Afghan  watershed,  and  may  be  seen  in  all 
sections  below  the  mot^  veeent  GhuU  deposits. 

The  groups  6,  7,  8,  and  9,  which  form  with  5  a  stmotnral  whole,  are,  of  course, 
not  divided  from  each  other  in  any  defined  manneri  but  pass  from  one  into  the 
other  very  gradually. 

TertiarieB     in     other         jt  only  remains  to  trace  these  groups  in  other  localities, 
localities.  ^  or 

In  the  Bamidn  valley  itself  the  oonditioiis  are  very  similar ;  in  a  synclinal  of 

upper  cretaceous  rooks,  an  apparently  complete  series  of 
Complete  series.  tertiaiy  rooks  is  enclosed,     I  was  unable  to  examine  the 

BamUtn  section  closely,  as  I  was  at  the  time  sufEering  from 
severe  fever,  but  fortunately  Captain  Hay  (see  footnote  on  preceding  page)  has 
given  a  description  of  that  locality. 

The  only  other  seeticm  where  unquestionable  lower 
Lower  tertittrie&  tertiary  Tocks  crop  up  is  that  of  the,  Oxus  valley,  which 

presents  altogether  vezy  interesting  features. 
Conformably  on  the  northern  flank  of  tbe  cretaceous  anticlinal,  south  of 

Taahkurghin  and  Balkh^  I  found  the  older  tertiary 
ffh&n  ^      ^       ^      **'     clays  and  sandstones  more  or  less    identical    with   the 

groups  as  deaoribed  from  Hath&r,  and  they  pass  here  also 
gradually  into  the  bright  red  and  green  clays  and  sandstones  of  the  lower 
pliocenes. 

The  whole  series  dips  under  a  gradually  lessexiing  angle  below  the  aerial  and 

.  flnviatile  deposits  of  the  Oxus  plains  to  crop  up  again  at 
Be-appenrs     on     the     -ftiaij.  northern  margin.     The  tertiary  series  seems  strongly 

devek>ped  on  the  Bokhiran  side  of  the  valley,  but  political 
reasons  prevented  my  visiting  the  right  banks  of  the  great  river.  Between  Kilif 
and  Kham-i^b  the  Oxus  cuts  an  outcrop  of  the  tertiaries  and  luckily  exposes 
some  of  the  marine  miocene  strata,  and  perhaps  some  portion  of  the  group  1 

(page  255). 

The  cliS  above  the  helui-laxid  of  the  Kilif  ferry  (Afghan  side)  is  composed  of 

sandstones  with  alternating  shell^limestone,  dipping  at  an 
Shell  limestone.  '  ««gl®  of  about  GO^^below  the  blown  sands  of  the  great  plain 

which  stretches  south  of  the  river.  The  shell  limestone 
contains  some  (ktrea,  Pedeny  and  Bryouoa^  which  all  bear  a  strong  resemblance  to 
species  figured  by  von  Abich  from  the  salt-bearing  miocene  of  north-western 
Persia. 
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Tbia  complex  a{  foasiliforaus  stcata  xeets  on  ire^gular  4)ecUi  of  white  lime- 
stone, wliiob  formfl  the  diff  west  of  the  Kilif  ferry ;  alter- 
^Limestone  with  gyp.     ^^^^^^  ^j^j^  j^  ^^  replaoing  the  Hmestone  lateraHy  are 

large  depoaitft  and  irreg^ulor  maBseB  of  gypsum  of  xeddish 
and  black  colour.    The  limestone  yidbded  a  f^w  badlj  pnaserred  fossils. 

The  same  gypsum  group  crops  up  agpda  some  30  miUee  further  west  in  the 
_.       .  ,  cliffs  oi  Kham-i^b  on  the  Afghan-Bokhiran  frontier. 

gently  dips  b^w  the  recent  deposits  of  the-  GhftU  soutli^ ,  of   it.    In  one  of  the 
«    ,^   \  ^    «.  .  irreflrular  layers  of  soft  white  U^iestoiie  of  De7*>Kala»  a 

Po«SU  .t  l>ev.K.U.        p^^t  yy  ^^  ^  .ByM„n4T»!^  I  found  a  few  marine 

remains  (biyelyes)  which  await  dfiteirmination. 

.1  venture  to  identify  this  group -of  rooks  on  the  Oxos 

gJKr&^Won  *J*     "^  **>*  *yPi«»^  •^«<^«  fomatip^  of  Pewi*  and  Aimoiia, 
PeK»M.  which  seems  identical  yfiHa.  the  gypsifexous  series  of  Loftna^ 

I  am  told  that  at  the  western  slopes  of  the  Koh*i-Tan  in  JBokhira,  some  35  to 
40  miles  north  of  Ehwaja  SahuTi  some  good  vockrsalt  occurs  in  beds  similar  to  the 
gypaiferous  group  of  J^ilif «  The  rock-aalt  is^  mined  «nd  laxgely  used  by  the 
iiihabitants  ou  both  sid^  ol  the  Ozoa.    It  is  of  a  fleshy  pinlc;  colour. 

PUoMiie  fomitios*  in  It  renuuius  now  to  describe  t)^  pliocene  formatiflns 

Turkistdn.  whicb  occapy  a  very  laaige  sj?ea  in  Tniidstin. 

The  Math&r  section  shows  an  apparently  perfect  copforn^ty  between  aU  the 
strata  composing  the  tertiary  series,;  that^  hQweyer>.is  not  the  case  eTcrywhere. 
Not  only  in  the  area  between  Mathfe  and  the  Oxns  yalley^  bnt  in  ail  sections  wttt- 
wards  of  the  Balkh-ab,  I  found  the  easily  Ji-ecpgnised  bright  coloured  rocks  of  tko 
pUooene.  series  resting  directly  upon  strata  of  tbe^upper  onitsaeons  gxoi^,  and  in 
most  cases  with  apparent  conformity. 

After  the  dose  of  the  miooene  peripd  the  cony»:sion  of  a  great  part  of  the 
Central  Asian  sea  into  wide  plains  and  isolated  lake  bwns  was  finally  accom- 
plished, and  the  wrinkled  and  folded  surface  of  marine  deposits  was  gradually 
covered  with  a  huge  thickness  of  saudstoaesi  clays,  and  sands  during  the  plioeene 
and  recent  epochs. 

There  ia  nowhere  a  max^ked  Uthologioal  diAsreiioe  be- 
diffmraoe  bttweeo^^e  tween  the  pliocene  deposits  and  the  recent  accumulations 
pliocene  and  reoent  de-  of  sands  and  gravels.  The  passage  from  the  former  into 
P""^*  the  latter  is  very  gradual  in  most  localities* 

The  lower  beds  <&  the^pUocene  formations  ere  only  seen  near  the  contaot  with 

the  eretacaona  liniestones>  or  where  the  beds  haTebeen 
Occurrence  and  com-     g^ffieiently  raised  to  bring  them  above  the  sar£aoe»and 
v^^°*  Ihey  therefore  show  in  most  cases  the  characteristies  of 

gfeat  faoSf  aecumulatioflis  of  river  gravels^  and  intercalated  beds  of  sands  and  days- 
The  whde  lower  portion  ol  these  dfgposits  is  nearly  everywhere. of  a  dense 
brick-red  colour,  with  occasional  thinelei^  bands  of  bright  olive  green.  This 
formation  seems  of  a  perfectly  uniform  character  over  the  greater  part  of 
Afghanistan  and  Persia,  and  underlies  everywhere  the  vast  accumulationa  of 
blown  sand  of  the  Chdll  which  fringes  the  Turkist&n  low-lands. 
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The  (Mtaoeons  li^^toces  fennedprblmUy  to  tmdtilaiio'g  table-land  in  plio- 
cene times,  in  the  wide  titmghs  of  which  the  sandatone 
poS^rior"  toihe  J^  ^i^  g«^vel0  bf  thkt  period  Were  laid  down.  Subfleaiient 
Mcul  wrinklitisr  of  tlie  t^frrixiMifig  4>f  this  table4aiid  into  liie  compreased  area  we 
Tarkist&n  tabManA.  ,,^^^  ftow^'has  al^  cMehed  the  later  tertiary  beds  into 
narrow  synclinalfl.-  T!rid  fealitfe  daii  *be  observed  in  ererf  case,  where  the  ter^ 
ittries  and  recent  formail^ns'ftsre  ^ipoBsd. 

The  valley  of  ishe  Beleherag^fi-ltaiMena^  etream  shows  this  strnotore  exceed* 

-       ingiy  well.    The  greatet*  portlen  oi  the  synelinal  along 

jQroiliiogaf  die  pVio*     which  the  stream  runs  ttiiist  catcehave  been  filled  bj  plio- 

l^^dopoutsow  KatAT    ^fle  .gj^^i^iB,  OkyB,  and  conglomerates,  which  in  this  case 

were  nnconf  ormable  to  the  eretaoeons  Hmestone  anticlinals 
<m  bo^  sides  of  the  valley i  '"  Tb*  foKse  wMch  completed  the  folding  of  the  Tnr- 
kist&n  rocks  after  th^  diep6ii^<)b'^f  the  plioeene  gravels  afEected  the  latter  also, 
and  i^e  eeetion  of  these  tmAA'  neAr  Katiu*  Eala,  betiveen  Maimena  and  Belcheragh 
shows  now  a  h^h  arch  into  w)n6h'  the  pliooene-  rocks  hav^  beeit  erttshed,  and 
which  stretches  across  fli^^jncSnid  trough  of  the  valley.  The  present  stream 
has  since  then  worked  fts^  way  through  the  gwat  thickness  o^*  gravels  i^  sand- 
stone  beds,  leaving  at  some  points  only  portions  of  the  latter  on  each  side  of  the 
valley.  They  seens  no#  fo  dip  below  ih^  cretaceons  limestone  at  several  points 
owing  to  the  partiar  inversion  the  strata  of  the  latter  have  suffered  in  folding. 
The  best  exposures  of  the  pliocene  group  may  be  seen  along  the  northern 

'■  margin  of  the  Turkis^n  high*lands,  i,e.,  along'  the  north 

f ^  T^mSS  Su*^  '  ^^^^  9^  *^®  ^^^  anticlinal.  Densely  red  grits,  conglo- 
-^  *  ^^  ^merates,  and  clays  may  be  traced  iminterraptedty  from  the 
westemoomerof  tiil»^T&batld;near  BaJa-Mnrgh&b|  to  Tashkfirgh&n  in  Afghan- 
Torkist&n.  The  coarser  deposits  (old  fans)  of  the  group  rest  nsnally  conformably 
on  the  cretaceons  limestone  below,  and  with  the  latter  they  have  now  been  highly 
raised,  and  in  86m6  cases  been  bent  vertically.  KoriSi wards  the  dip  gradually 
le^Ssens  and  appareiitly  becomes  nearly  horisontal. 

There  seenis  tabs  no  great  litholbgical  diflerence  between  the  pliocene  accumu- 

lations  and  the  more  recent  deposits,  and  I  believe  the  pass- 

^FhjMl  imdhi<nH  Jol'  •  n^  fiiom  o  nis  fnto  I3ie  other  is  very  gradual.  Th^  greater  part 

since  pUdcene  fhkied.  ^  ^®  recent  accumulations  are  of  aerial  ongin,ana  consist  of 

'  '.    ""   -r^^   '  imstratified  loess  deposits.  I  noticed  similar  masses  of  loess 

within  the  pliocene  group,  and  I  believe  therefore  that  the  physical  conditions  of  this 

part  of  OsntralAsifi^  have  not  changed  materially  since  the  close  of  ^  miocene  times. 

Borne  of  the  smsdier  and  isolated  areas  of  pliocene  deposits  within  the  grefkt 

syndinals  of  TozMstin  htfve  p^bably  been  laid  down  in  lake  basins  and  river 

valleya,  and  ao  no  doubt  were  some  of  the  lower  parts  of  the  pliocene  gravels  and 

oeoglometaitos  near  the  nori^em  edge  of  the  high-lands,  where  the  drainage  from 

tlieh^  spread  over  the  great  plains^    But  even  in  pliocene  tunes,  as  at  the 

psesent  time,  the  fine  4a0t  ^jid  sand  borne  along  by  the  northern  air  currents  used 

'  ThiB  name  is  distiQctly  written  Maimena  in  Mr.  Griesbftch's  mannw3ript»  bat  it  would  seem 
to  denote  the  aame  as  the  eqnally  distinct  Mum&na  of  other  passages.  Available  maps  of  that 
region  do  not  afford  moMis  of  oorrectbn.    The  accentuation  is  defective  throughout. — Bn. 
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to  meet  the  riyer-bome  deposits  coming  from  the  hills.  The  sections  of  the  Ahnar, 
Maimdna,  and  Astar-ab  streams  all  reveal  the  same  facts:  a  short  distance  away 
from  the  edge  of  the  hills,  unstratified  and  irregular  layers  of  loess  lie  between 
distinctly  flnviatile  formations,  until  still  further  away  the  former  assume  larger 
proportions,  and  finally  the  whole  assumes  the  unstratified  appearance  of  iypical 
loess,  which  forms  the  wide  Chdll  north  of  Afghan-Turkist&n« 

Had  I  only  observed  the  red  grits  and  clays  of  the  pliocene  along  the  southern 
boundaiy  of  the  Chdll,  I  would  most  probably  have  looked  upon  them  as  being 
of  more  recent  origin,  but  the  sections  of  Mather  and  Bamidn  seem  to  afford  a 
key  to  a  different  interpretation.  At  all  events  the  lower  portion  of  this  huge 
accumulation  of  conglomerates,  sandstones,  and  loess  must  be  of  pliocene  age. 

Recent  farwuUione. 

From  the  preceding  section  it  will  appear  that  the  history  of  the  pliocene 
epooh  has  been  repeated  during  later  times  and  is  still  being  enacted  at  the 
present  moment.  There  is  practically  no  diiEerence  in  the  lithological  character 
of  the  deposits  of  these  eras.  Kow,  as  in  pliocene  dmes,  huge  fans  are  spread 
out  at  the  points  where  the  present  rivers  enter  the  open  plains  and  finer  deposits 
are  laid  down  farther  away  from  the  fans.  Air  currents,  probably  little  changed 
in  direction  since  later  pliooene  times,  bring  yearly  vast  quantities  of  fine  dust  said 
sand  and  spread  them  ov«7  the  low-lands  of  Tarkistdn,  in  the  thick  deposits  of 
which  the  streams  lose  themselves  with  few  exceptions.  The  finer  particles  of 
this  dust  is  borne  further  southwards  by  the  hot- weather  winds  and  so  find  a 
last  resting-place  on  the  high  slopes  of  the  northern  anticlinals.  North  of  the 
provinces  of  Maim4na  and  Turkist&n  immense  deposits  of  aerial  formations 
extend — formations  which  date  from  pliocene  times  to  the  present  day.  Only  the 
southern  margin  of  these  deposits  belongs  to  Afghanistan ;  the  remainder  covers 
the  greater  part  of  Central  Asia  and  forms  the  lower  reaches  of  the  Oxus  with 
the  ArsJ  and  trans^Caspian  region. 

Here  also  the  separation  of  coarser  sand  from  finer  dust  is  apparent  and  pit>- 
duces  land  of  quite  different  nature.  The  coarser  sand  falls  to  the  ground  first 
and  composes  the  great  Turkoman  deserts.  Further  south  the  finer  dust  pro- 
duces the  steppes  of  Afghan-Turkistin,  known  as  the  Chdll,  which  is  still  puidy 
irrigated  and  under  the  influence  of  a  larger  amount  of  atmospheric  moisture,  and 
hence  generally  covered  with  good  grass.  According  to  Bichthof en's  observationsy 
who  has  studied  the  aerial  formations  and  steppes  of  northern  China,  these  last 
two  factors— moisture  and  vegetation — caused  the  cementing  together  and  partial 
change  of  the  air-borne  particles  of  sand  and  dust  and  so  caused  the  formation  of 
unstratified  loess  deposits  which  cover  immense  portions  of  Central  Asia. 

In  connection  with  the  recent  formations  there  are  chiefly  two  features  which 
I  will  notioe  here ;  the  first  is  the  fact  that  the  folding  process  is  still  active  at 
the  present  time,  and  the  second  featare  is  the  accumulation  of  vegetable  matter 
in  certain  areas  of  the  Ohdll. 

The  first  fact  seema  proved  by  two  observations  :  (1),  at  all  the  points  where 

the  present  rivers  of  Turkistdn  form  hieth  alluvial  banks. — 

Recent  nezures.  ■%   xi^-     •     xi.  %  .-i    .     ^  .         . 

ana  tnis  is  the  case  along  their  lower  reaches  in  the 
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plains, — it  is  plainly  seen  that  the  beds  composing  these  deposits  have  undergone 
considerable  disturbance.  Near  the  northern  margin  of  the  high.lands,  sands 
and  gravels  of  the  younger  alluvial  deposits  are  raised  high  up,  in  some  caaes 
nearly  vertically ;  further  away  from  the  older  anticlinals  the  dip  of  the  recent 
deposits  flattens  gradually  and  forms  the  plains  of  Turkist^. 

(2.)  The  valley  of  the  Oxus  between  AJshcha  and  Tashkfirgh^  is  formed 
chiefly  by  extensive  and  probably  very  thick  deposits  of  clays,  gravels,  and  loose 
sandstone.  Near  the  river,  and  forming  a  belt  pf  varying  width,  thick  waves  of 
blown  sand  cover  this  base  of  fluviatile  deposits.  The  latter  has  been  formed  by 
the  Oxus  with  its  tributaries,  the  present  Ehulm,  Balkh-ab,  Sar-i-Pdl,  and 
Maim^a  streams.  At  the  present  time  none  of  the  latter  reach  the  Oxus  itself, 
but  lose  themselves  in,  and  are  diverted  by,  a  great  swell  in  the  ground  which 
extends  more  or  less  parallel  with  bsjA  north  ol  the  edge  of  the  hills,  and  north 
of  the  populated  districts  of  the  plains.  Though  I  have  not  seen  any  section  of 
this  '  rise  '  or  swell  in  the  valley  of  the  Oxus,  I  believe  that  it  is  the  beginning  of 
an  anticlinal  which  has  formed  in  comparatively  recent  times.  The  Oxus  itself 
is  a  good  illustration  of  the  fact  known  as  De  Baers'^  law,  inasmuch  as  it 
steadily  encroaches  on  its  right  banks,  at  the  same  time  depositing  detritas  on 
its  left  side.  The  river  comes  in  great  sweeps  from  Badakhshan,  diverted  cer- 
tainly here  and  there  by  far  projecting  ranges,  but  on  the  whole  steadily  pressing 
northwards  and  so  removing  material  from  its  right  bank.  It  therefore  hugs  the 
hills  of  Bokh^  the  whole  way.  If  no.  other  agencies  v^re  at  work,  the  river, 
in  its  endeavours  to  transgress  on  its  right  banks,  would  have  levelled  the  olifFs  of 
Kham-i-ab  and  Kilif,  instead  of,  as  appears  now,  having  cut  off  a  comer  of  the 
miocene  group  which  forms,  the  Bokhdran  side.  The  dip  of  these  miocene  strata, 
not  less  than  the  partially  raised  recent  alluvial  accumulations  near  the  latter, 
prove  that  the  gradual  bending  of  the  tertiaries  of  the  Oxus  basin  into  an  anti^ 
clinal  is  going  on  at  the  present  time.  The  river  is  as  it  were  flowing  along  the 
crest  of  a  mountain  range  now  in  course  of  formation.  Here  denudation  keeps 
pace  with  folding,  and  hence  the  excavation  of  the  river  channel  between  the  cliffs 
of  Kilif  and  Kham-i-ab. 

I  believe  the  swell  mentioned  above  to  be  simply  another  line  along  which  an 
anticlinal  is  forming  at  the  present  time.  The  gradually  rising  fold  being  parallel 
with  the  direction  of  the  river  lias  aided  the  exertion  of  the  latter  to  encroach  on 
its  right  side  and  so  resulted  in  the  Oxus  being  gradually  forced  over  the  miocene 
deposits  of  Ealif ,  into  which  the  river  eroded  a  channel,  whilst  the  left  banks  conti« 
nue  to  bend  into  a  new  flexure. 

The  lesser  eroding  power  of  the  former  tributaries  of  the  Oxus  in  Turkistdn 
could  not  keep  pace  with  the  steadily  rising  area  of  the  new  fold,  aided  by  the 
accumulations  of  aerial  formations  which  collect  mainly  along  the  northern  curves 
of  this  flexure,  and  hence  the  streams  have  now  been  cut  off  from  the  Oxus  and 
are  mostly  lost  in  the  Turkist&n  plain  or  form  irregularly  shaped  marshes. 

The  second  feature  which  1  observed  in  connection  with  the  modern  deposits 
of  rivers  seems  to  me  of  considerable  importance  in  illustrating  certain  conditions 
under  which  carbonaceous  deposits  may  have  been  formed.     Afghanistan,  especi- 

■   Bull.  Acad.  St.  Petenburg  II,  1860. 
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to  meet  the  river-bome  deposits  coming  from  the  hills.   The  m^ 
Maim&na,  and  Astar-ab  streams  all  reveal  the  same  facts:  > 
from  the  edge  of  the  hills,  unstratified  and  irregular  If    r 
distinctlj  flnviatile  formations,  until  still  further  away^ 
proportions,  and  finally  the  whole  assumes  the  unatr*;^  y 
loess,  which  forms  the  wide  Chdll  north  of  Afgha^^  ^  t 
Had  I  only  observed  the  red  grits  and  clays  r,  ^  ^'^ 


y 


mterpretat: 
accumulation  of  conglomerates,  sandstonr;  J  P  Jl  X  •' 
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.1^  dvutHk  and  doboB,  iffoihflr 

^Mgi  plaiiuv^th  thfl  temltiM 

jtea»  1^  mtu^  jv^geiiUft  gBOwkktd 

^     ^         -^^  .  the  ,b%  wow  rf  Tnrkifltto,  wWcli  tt» 

sand  and  spread  them  ov  / ,  ^^  completely  covered  with  a  thick  ooatiug. 

which  the  streams  loe;  ^  which. conaiste  chiefly  of  powdered  and  biokeft- 

this  dust  IS  borne  f  /  grubby  plants,  such  as  thistles,  and  only  a  few  Inokeu 
last  restuEig-pIaoe  or  ^      ,  ;  ^  -^ 

provinces  of  Miw'  ^^  principal  mountain  streams  during  my  tour  in  flie  spring 
extend— format!  ^.^jy  ^^^^^  ^^  ^^^  f^^  thftt  in  a  country  so  bare  of  vegetabk 
southern  marg*  "^^  every  stream  during  spring-time  was  toothing  but  a  sewer, 
the  greater  .^^^lything  that  had  grown  the  preceding  year  was  washed  down 
the  Aral  ar  /j^ 

^^^  **  V/aJ«^^*^  a  climate  more  moist,  and  wwfe-tie  liill -aides  covered  wifli 
dnoes  Ir  /^^^^^^^table  matter  contained  in  the  streams  duHxxg  spring-iime  woidd 
and  CO  ^  ^  ^^  slight  in  comparison  with  what  it  is  now.    CFrasses  and  aontal 
duoe'   jf^^d  decay  locally,  more  or  less  held  together  1^  tM-growths  «aid  the 
^^^     V^  arfaod  of  the  soil.    As  it  is,  however,  the  dcorehing  and  ahndst  pexv^sleBt 
'^^      0^^jpcix  prevail  in  Afghanist&n  reduce  every  blade  of  grastf  on  the  ItiB^flideB 
^^tlo-mah  brown  dust  before  the  bottest  days  ol  the  siattmer  are  over. 
^f\r^  especially  struck  with  this  during  last  spring,  when  I  crossed  the 
^tb^  the  bridge  at  Akhkabr&k.    A  thunderstorm  had  broken  in  tiie  hiOs 
^^  south  and  the  river  came  down  a  seething  mass  of  ohooolateocolovred 
^'d*    ^^  HTirfaoe  was  covered  thicMy  wi^  vegeiftblo  tlftotter,  suck  as  I  have 
^^•bed  above.      It  was  evidently  the  resuH  of  Ian  eattensSve  'wash'4  el'did 
^^  hill-sides.    So  matted  and  thick  wda-^he  mais  of  ^«igetal>le  matier,  ft«t 
J  iiotioed  birds  being  able  to  alight  on  it,  though  it  was  floating  all  the  timo, 
y^ith  it,  the  water  holds  in  suspension  a  large  quantity  of  mineral  matter  and 
jyfjjigs  down  large  boulders.    The  npise  of  the  latter  as  th^  rattle  down  with 
^  current  is  somotimea  quite  deaf^iung.    I  observed  the  latter  &ot  when 
encamped  at  Haiback  close  to  the  Khulm  river.    It  haj^ned  to  come  down  in 
flood  after  a  terrific  thunderstorm,  and  the  noise  of  the  moving  stones  in  its  ted 
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^JM  of  tim  Tiahing  iotreiit,  sad  I  4)0Qld  only  Uken  it  id  tiie 


'^^  *%        "^-^  *^  eaiih  *  in  the  plam  of  Torkidiiii.    Not  00  the 


'*eldin'siub]^exigkm  failagrMbally  of  omxrae  as  the-Hvev 
^'11  be  alm^otft  ft«6  from  stt^  anattor  near  the  end  of  its 


<>. 


%^%.     %  Qnfy  aBmali  proporfcion  irf  it  Witt  find  a  restiiit 

^  ^%   '^^        H>  anfiy  again  swept  sway  fay  subsequent  floods. 

';  "V "^"^^^       *  -tt-sides  of  the  Tiitend,  of  the  Hasaxaji^ 

>e;  '^^  "^^    ^  ^d  their  way  into  th»  xiTers  and  even- 

<^    ^    ^    ^^'  ^  *  the  Chfill,  where  m  time  the  vege^ 

'^  ^  ^V  ^  ^  ^  irrigation,  and  with  it  no  doaht  a 

^  '^^  '^  maniire  the  lands  of  TnrldsiAn ;  tat  m 

^  .4  course  ol  natoraJ  eTBnis,  the  aoenmiilations 

dkrshes  of  the  Central  Asian  plains  mnst  hare  been 
^  to  explain  the  eadstenoe  of  coal-beds  in  fisiinatioxtt 
.a  deposited  in  an  ai«a  and  epoch  po<Mr  in  v^etaUeprodueei 
At  least  in  species,  ii  not  in  actual  quantity.    : 


Olaoial  formaiions. 

There  are  no  glaciers  existent  at  the  present  time  in  Afghan*Turldat&n.  But 
that  such  filled  some,  of  the  high  yallqys  in  former  days,  probably  contemporary 
with  the  older  alluyiums,  ia  proyed  by  huge  glacial  accumulations  in  several  loci^- 
lities  which  I  have  visited.  Some  of  them  seem  so  fresh  and  undisturbed  that  it 
is  difEbult  to  believe  that  behind  them  glaciers  do  not  stUl  exist. 

High  boulder  bed  terraces  exist  in  nearly  all  the  valleys,  and  some  of  them  may 
,be  of  glacial  origin.  Particularly  well  developed  I  found  such  in  tJie.  vaU^  of 
the  Almar  stream  near  Sarakh-dara  and  on  the  north  slope  of  the  K!ara  Q-alli  psss 
south-west  of  Maim^ua, 

I  have  however  se^  unqueetionaUe  glacii^  formations  in  several  localitiee» 
as  for  instance  in  the  valley  of  the  Yakh«dar%  west  of  Fadghan»  near  Shisha 
Alang  and  Ghahil^  at  Earxnard  and  otl^er  places. 

In  the  Yakh-dar%  and  at  Ghalnl  the  deposits  may  penhaps  be  best  studied.  At 
both  places  the  old  glaeiisr  has  retired,  leaving  its  moraines  perfectly  undisturbed. 
At  Chahil  the  valley  if  still  blocked  by  the  old  end-moraine  which,  forma  a  dam 
of  bouldero-about  one  inile  long  right  across  t^e  valley  behind  vrhich  the  basin  of 
the  former  glacier  stsetehes,  lioanded  on  each  flsnk  by  ^ide-moraines.  The  floor 
of  this  glacial  basin  is  coveced  with  a  fine  mad,  and  half  of  it  is  occupied  now  by 
a  deep  lake*  The  diainiige  escapes  through  a  narrow  opening  ui  the  centre  of  the 
end-moraine. 

The  sections  which  I  examined  this  year  are  about  midway  between  the 

Himalayan,  Indian,  and  the  Persian  areas,  and  naturally 
i^SSSZii^*^     show  certain  iffimti«.  witix  th«e  fegiom. 

It  appears  probable  that  neeurly  all  the  horizons  describ- 
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ed  in  this  paper  are  represented  in  Persia  also.  Witib  the  exception  of  the  forma- 
tions enclosed  between  the  carboniferons  Prodnctns-iimestone  and  the  npper 
Jurassic  beds,  all  or  most  of  the  horiasons  of  the  Hazara  jit  are  also  seen  in  the 
Himalayan  or  sab- Himalayan  areas . 

As  might  have  been  oonjeotured,  the  likeneda  between  th  e  formations  of  eastern 

Khorassan  and  the  Herat  Provinoe  with  Turidstin  is 
anfthfHerat^pJSe.      striking,  and  would  probably  be  found  stiU  greater,  if  I 

had  had  better  opportunities  of  studying  the  former  last 
year.  The  following  table  will  show  how  the  different  horiaons  of  these  |»ovinoQB 
may  be  correlated : — 


Tarkifeiia. 


Blown      Band     of 
ChtUl ;     aUaTJal 


deposits. 


Herat  Proyinoe. 


Alluvial  deposits;   blown   sand  of  Herat 
yalley  and  northern  BadgMs. 


Blown  sand,  north-eastern 
Khorassan ;  allnvial  depoatts ; 
salt-pans. 


XJpner  pUoetfM  and 
older  loess  of 
Ghtfll. 


Loess  of  Badghis  with  beds  of  sandstone 
and  conglomerates. 


Loess  deposit  of  lower  Jam  Tal- 
lej,  Nisfaapor  pfaun,  A<i» 


Lower  pliocene  of 
MathAr  (plant- 
beds). 


Upper  sandstone  and  plant-beds  of  Herat 
▼alley  (TirptU  beds) ;  north  of  Shabash, 
Tiipol,  Ao.  Bed  and  white  olays  with 
freanwater  shells  of  Sakhxa  in  the  Mot* 
ghab  yalley. 


Upper  miooene 
(estnanne)  of 
Math^. 

Lower  miooene  of 
MathAr. 


Lower  plant-beds  of  llipAl  with  gypsum 
Hed  Qiays  and  grits  witn  0$irea  muUxcoi- 
tala  of  Badghis  (Nimak-sar  and  Khwaja 
Kallandar). 


Sandstone  with  Oslrea 
tata  Desh.,  near  Khaf 


Eooeneof  B^gah, 
BamiAn,  Ao. 


P 


Nnmmnlitio  limestone  with 
rhyolites,  between  NishiHiar 
anaMadan. 


Upiper   oretaoeoDS 
(tf  TarkistAn. 


Lower    oretaoeons 
(Astar-abi  npper 
Almarstzmnj. 


White  ohalk 
with  fossils, 
south  of 
KilaNao. 

£flx)^yra-lime- 
stone  of  Dar- 
band,  south 
of  BalaMur- 
ghab. 

White  sand- 
stone and 
grits  with 
UttTMk  sp., 
and  plant* 
remains  of 
the  Kashka 
Kotal.  Shell 
Hmestone  of 
the  Band-i- 
Baba. 


White   liine- 
stcne    with 

erinwi  at 
ZuIfikArand 
Arde wan 


White  marls 
and  olav- 
shales  with 
marine  fos* 
sils  of  Zulfi- 
kAr. 


Hippnritio 
limestone  of 
theDoshakh 
zaxige  and 
Paira. 

Coral  liufl* 
stone  of  the 
Doshakh 
peak. 


White    ohalk  of  Kelat-i-Nadri 

and  Zorabad. 
Jnoceromiw-beds  of  Zocabad* 
£»09yra-limeBtone>        Takht4- 

OaAiak    near    Pdl-i-Khatun, 

KelatH-Madri,  4e. 


^W^onio^beds  and  shell 
stone  of  the  Takhi-ioGauxak  ; 
white  plant- sandstone  of 
Ke]at4-Nadri. 
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Tnrkiiitiii. 

Herat  Provinoes. 

Khorassan. 

Bed  grits   (with 
yoloanio      oreo- 
da). 

Baiohat  range  (Chasma 
Subs    pass,     Bobat-i- 
Snrkh  pass,  Axdewun 
pass,  Enrukh,  Daven- 
dar  range*  &c. ) 

Bedgrita     . 

Kat-i-Sham  shir 
(8.  B.  of  Miflh- 
hid);  Hadaa 
west  of  Nisha- 
pur;  Firaiman 
8.  £.  of  MAsh- 
hAd  YaktAn 
range. 

iyktattit  grou^  of 
AfltoMb       and 
north    slope    of 
Kara  Eoh. 

Black          shales 
(pluit-TeBiaiaB). 

Eumkh  Talley,  Bob4t-i- 
fiarkhpMB. 

Black  shales 
(with  Crag. 
ments       of 
plants). 

Zorabad;  Garm- 
ab  (Kat4-Sham- 
shir  range)  1  west 
of  'nJchi-i-Ga4- 
lak. 

Braohiopod  lime- 
stone. 

laosa. 

Limestone 
and    shales 
(with  marine 
fossils). 

Gankhsrohang 
pass  (Bnrj-i- 
KalijKhan). 

BhsBtio  P  of  Shisha 
Alang. 

Brachbpod  lime- 
stone. 

Kholi  Bias  east  of  Herat. 

P 

Halohia     lommeU 
groapof  Ghahil, 
Ac, 

Plant-shales  and 

sandstone. 
Qreen  shales 

Ditto           ditto. 
Ditto           ditto. 

Chreen  shales  of  Taktin  range 
And  Dehrud  pass. 

Lower     trias    and 
anthracite  g^np 
(permian). 

Green  plant-shales 
with  coal-seam. 

Ditto           ditto. 

P 

CSarboniferons      of 
Ak  Bobit. 

Carbonif erons  Pro- 
dnot  US-lime- 
stone. 

Kobdt-i-Pai ;      Doshakh 
range ;  KhoITBiaz. 

Carboniferous    Productns-lime- 
stone  of  Yaktin  lange,  Defamp 
pass,  &c.,  Ao, 

It  will  be  seen  that  up  to  the  close  of  the  Jurassic  group  the  difEereaoe 
between  the  lithological  characters  of  the  various  sections  is  not  great.  The 
carboniferous  Productos-limestone  was  certainly  laid  down  under  purely  marine 
conditions.  From  the  close  of  l^e  carboniferous  to  upper  Jurassic  times  a  littoral 
character  prevails  in  all  the  deposits  from  eastern  Khorassan  to  the  frontier  of 
Badakshan,  and  I  may  conclude  that,  during  permian  times,  the  sea  g^radually 
became  shallower^  even  leaving  isolated  basins  and  estuaries  along  the  Perso* 
Turkist&n  tracts. 

While  the  sea  continued  to  retreat  farther  northwards  during  Jurassic  and 
lower  cretaceous  times  in  the  eastern  portions  of  Turkist6n»  other  parts  of  the  old 
coast-line  became  gradually  again  submerged  and  the  overlap  of  the  sea  reached 
its  maximum  extent  in  upper  cretaceous  times,  when  vast  tracts  of  south-eastern 
Europe,  Persia^  and  Afghanist&n  with  Beluchist^  Sind,  and  the  north-western 
mai^gin  of  the  Indian  continent  were  covered  by  an  ocean,  which  was  most  probably 
continuous  over  these  areas. 

From  that  time  forward  eastern  Elhorassan  and  Turkistdn,  and  indeed  the 
greater  part  of  Persia,  seems  to  have  enjoyed  much  the  same  physical  conditions. 
As  my  work  in  Khorassan  and  the  Herat  province  was  only  of  the  natare  of  a 
reconnaissance,  some  blanks  appear  in  the  foregoing  table,  where  probably  whole 
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g^upB  could  be  recorded  if  I  had  had  opporhmify  ol  examining  certain  8eQii]0iifl 
more  carefully. 

The  literature  which  bears  cm  maiitarB  brelatmg  to  Peraiaii  geology  is  Teqr 

large,  bat  tbe  only  cobiieGiBd  aoceusitB  which  we  poMODD, 
imd  thl^Elw    ^^"'*     we  owe  to  Abioh,i  Giewiiigk,*  toftus,*  Blanford,*  and 

Tietse,^  and  aoocrdiiig  to  ttbwe  atttluiTS  it  appears  that  the 
geological  stractnre  of  northemBadiioHhf^wQsteni  Pesmatloiely  coxreqpoiidawith 
that  of  Af  |^^M2i±Bt&a. 

From  the  upper  cretaceous  to  tiie  yoimgeet  £of]iMitit>xis  tbe  twaemUanoe  10  veiy 
strong*  The  passage  from  the  npfisrcritaieeoiui  inter  ttie  imftimttlitMaB  and  lower 
tertiaries  is  Tery  giadaal,  as  \AbiGii;  has  shown  for  the  nozth-westem  Penia. 
There  are  also  nuoeene  maritie  dqpoidtB^  oterlajd  l^  g^rsat  tiiiidcnesseB  of  a  mane 
salt  and  gypsum  f  oimation  in  which  deiksfily  ^  rooks  pr^ominate,  whieh  iona- 
aticm  (the  gypsiferoos  gronp  of  iLoftpd)  |Maes  niHMrdd  into  «  fredbLwatei^  g^^Mip 
oontaining  f^bnts  and  mawmaliaii  bones,  irhi^  simtigtHpUic^y  oorresponds  wilh 
my  pliocene  freshwater  gronp. 

Along  the'  entire  Blboni  iai]ge  tbeic/  s^p#ard  heldw  ihjs  iq^per  crotaooons 
(hypparitic)  group  and  the  trae  carboniferons  (marina)  rikdcB  a  great  ^^hy^fcrwrn 
of  deposits,  which  oontain  in  eeirtain  localitiee  plant^retnains  of  (Jondwaoa  types, 
and  in  north-western  Persia  tome  marine  jnxafsio  fossils  in  its  npper  beds. 
Coal-seams  are  f6und  iii  numy  locafitfta^  Ithfiik'ii  Yeciy  probable  that  this  series 
of  deposits  represents  all  the  horisona  which  I  fonttd  in  Tnrkist&n  between  the 
carb<»uf erooB  and  the  oretaceoiui  igrcntp.  I  bit^pote  find  the  of^Kurtmuty  at  some 
fntore  time  of  examining  this  plaat^bearing  dmes  <A  the  Elborc  and  so  establidi 
its  exact  relations  with  my  Txurkist&n  sections.  .  .    ' 

Several  of  the  groups  of  siratia  whiehl iil^sen^  im'TariqiBtin show closeiiela- 

tioxiship  to  {ondiatioEiisfotladii^ihe  Peninsula  of  India,  the 
^  Inaia  and  the  Hiina-      Central  Himalayas,  at»i  Ki>sfcmir.    All  along  the  northera 

margin  of  Peisiftj  through  the  Heiat  province  and 
Tnrkistdn,  mns  a  more  or  less  connected  line  of  carboniferons  rocks,  containing 
marine  remains  common  in  the  carbooifevons  b6ds  ^ .  Ei^^pe.  Formations  of 
more  or  less  identical  lithologioal  eharactcir  and  oontaining  the  same  carboni* 
ferons  fanna  are  fonnd  all  along  the  Himalnyan  ranges, from  Kashmir  to  the 
frontier  of  Nepal.  Several  of  the  forms  fonnd  in  KftshnuT  and  in  the  Perao- 
Af  ghan  areas  are  identical,  and  it  appears  most  probaUe  tiiiat  daring  carboniferons 

1 H.  Ton  Al)i6b :  VergleiehendB  gBOgiKMtisflia  OitOidstlge  der  kankMitcbeD,  armeniwhen  imd 
nordpeniMhen  Gebirge.    M«m.  Acad.  Sa  St.  Patoab.  ^d.  VIL fSQ— 636. 
H.  Ton  Abioh,  t)ber  daa  Steinialz  in  mw.  Armenien ;  pages  61—160. 

Do.  Beitr.  znr  Falsrantologie  dee  aaiat.  Rossi. ;  pages  587*^77. 

Da.  Eine  Bergkalkfanna  aos  der  Arazesenge  in  Armenian.  Wien  1878  etc*  etc. 

*  Dr.  C.  Qrewingk,  Die.  geogn.  and  orogr.  Verb,  des  nOrdL  Peniena. — ^Verh.  Kais.  min.  QeseU. 
St.  Petersb.  1853,  p.  208. 

*  W.  K.  LoftuB^  on  tbe  Geology  of  portions  of  tbe  Torko-Paraian  frontier,  etc.  Quart.  Jour. 
OeoL  Soc.  1865.    Vol.  XI.  p.  247. 

«  W.  T.  Blanford,  Eastern  Persia.    London  1876,  pp.  487—606. 

«  Dr.  E.  Tietze,  papers  in  Jahr.  K.  E.  geol.  Reicbsanstalt  1875,  pp.  129—140;  1877  pp.  1—6, 
p.  841—480;  1878  p.  169—206;  1879  pp.  666—668;  1881  pp.  67—130. 
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times  these  traotB  were  oonneoted  l^  sea.  That  connection  eeems  to  have  oon« 
tinned,  partly  at  least,  np  to  later  permian  times,  for  in  beds  belonging  to  that 
epoch  on  the  Anutes  are  fbnnd  ideotioally  similar  fonns  as  in  the  beds  with 
Otoeeras  woodwardi  in  the  Central  HinialayaB,  ^riiich  I  included  in  the  lower  trias 
at  first,  with  which  horizon  they  are  stmciurally  connected. 

Whilst  pnx«ly  marine  conditions  prevailed  fnmi  oarboniferons  to  tertiaiy  times 
in  the  Kashmir  and  Bimalayan  ax^as,  the  sea  began  to  retreat  gradually  along 
the  whole  Perso-Tnrkistfin  line  soon  afiber  the  close  of  the  permian  epoch* 

No  marine  beds  seeai  hitherto  to  have  been  found  in  the  Elburs  lower  meso- 
8oio  deposits ;  in  Turkistin,  however,  I  f omitl  several  welLmarked  triassio  and 
later  horiaons  intercalated  between  beds  dE  distinctly  freshwater  or  estuarine 
character.  Amongst  them  I  leedgniied'  strata  with  Monotie  aaUnaria  and  Halobia 
loTnmdi,  both  good  upper  ttiassib  (ffallatiwtt)  types.  The  horison  has  been  veoc^ 
nised  by  Stolicska^  alid  Lyd^cker  ^  inthe  S^lti  -and  Zanskar  areas.  I  found  it 
well  represented  in  tiie  Oentnl  WmedBfm  ^ot  £omaon.  In  addition  to  this  the 
Turkistiin  group  contains  also  some  Gk)ndwana  types  of  plants,  which  probably 
grew  on  the  triassio  land  south  of  tba  Haatrajtt,  which  may  have  been  connected 
with  the  Indian  Ghmdwana  continent. 

In  the  juiassic  series  I  bare  Qxdy  f oond  onogrov^  of  deposits  which  reminded 
me  very  strongly  of  a  Himahyan  horison,  namely,  the  Spiti  shales.  Lithologi- 
cally  the  black  i^um*shales  of  Ehorak-i-Bala  and  Doab  in  Turkistin  and  the 
Maim4na  province,  no  lees  tiian  similar  beds  in  Ehovassan,  seemundistinguishable 
from  the  Spiti  shales,  from  whi«h>  however,  they  differ  in  their  fossil  contents. 
I  found  similar  shides  at^the  base  oi  ti»e  otetaoeous  group  of  the  Takht-i^Sulimto 
west  of  Dera  Ismail  Khan. 

The  tremendous  oterlap  <rf  upper  ^cMaoeoiis  deposits  witii  the  entire  tertiary 

s^es  <xf  ^uiWAtfo  se^n  rather  to  agree  in  their  broad 
GretaoMasandtert»rj.     ^^^;^^  ^^  gj^j^  formations  in  Beluchistin,  Bind,  and 

the  north-west  frontier  than  Md^  Ae  Himalayas,  with  which  I  have  not  been  able 
to  correlate  them. 

The  upper  cretaceousr  rodcs  seem  to  have  been  laid  down  in  a  sea  which 
stretched  from  the  Adriatic  to  Af ghanistia  and  round  the  nortluwestem  margin 
of  India  almost  uninterruptedly^  for  both  the  lithological  characters  and  the  fossil 
contents  of  the  upper  oretaoeottS  gro«q>  seem  veify  oonstant  over  the  entire  area. 
With  eocene  times  someehanges  ooeuxved,.tor  the  tertiary  deposits  of  the  Perso- 
Turkist&n  and  Indian  seas  show  some  great  differences.  It  may  probably  be 
found  that  the  tertisj^  series  of  Sind  and  Beluchistdn  is  perhaps  structurally 
connected  with  the  Perso-Turkist&n  rocks ;  there  seems  at  least  a  similar  succes- 
sion of  marine  to  -fro^water  sorios  in  both  these  tracts. 

Shadian^  near  BaUch^  i«&  September  1886. 

»  Memoirs  Vol.  V.  p.  44.  •McwioIm  Vol.  XXII.  p.  168. 
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Notice  of  a  fiery  Eruption  from  one  of  the  mad  Yolcanoes  of  Gheduba  Island, 

Ara^n.^ 

The  following  report,  dated  1st  of  Angus 1 1886,  from  the  Deputy  Commissioner 
of  Kyauk  Pyu  has  been  communicated  by  the  Commissioner  ol  Arakan : — 

*'  I  have  the  honour  to  bring  to  year  notice  that  the  Myooke  of  Cheduba  imports  that  on 
the  night  of  the  3rd  instant  at  abont  11  p.m.  an  e^ption  took  place  of  ome  of  the  volcanoei 
in  the  Minbya  Circle  of  the  Island  of  Cheduba.  The  volcano,  the  fire  bant  from,  is  Nagabyin- 
^in,  called  Nagapho  (male).  The  flame  rpse  to  the  height  of  l^OOO  feet,  the  ctremnferenoe 
or  girth  of  it  was  abont  500  feet ;  only  lava  and  mud  were  thrown  np,  and  it  strongly  smelt 
of  petroleum.    There  was  no  damage  done  to  cattle  or  human  life." 

The  '  lava '  means  no  doubt  ejected  fragments  of  the  sedimentaiy  rooks  of 
the  looaliiy :  see  Vol.  2.1»  p.  202. 


Notice  of  the  Nammianthal  aerolite,  hy  H.  B.  Medligott,  Oeological  Survey  of  India. 

Nammianthal  is  a  village  in  the  South  Aroot  district  of  the  Madras  Presidency, 
6  miles  north-east  of  the  town  of  TiruTannamalai,  approximately  at  79^-12'  E. 
Longitude  and  11°-17^  N.  Latitude.  On  atlas  sheet  No.  78  these  names  appear 
as  Lamundel  and  Triomallee  (old  spelling).  Thefalloocurredon  the  27&  Jaauaiy 
1886.  The  stone  was  received  in  a  single  piepe,  but  a  portion  had  been  broken 
off  and  about  a  fourth  of  the  crust  chipped  away  by  the  first  official  (a  Police 
officer)  who  obtained  possession  of  it.  Its  weight  was  4^519  grammes :  speoific 
gravity  3*68.  There  was  nothing  remarkable  in  the  shape:  an  irregular  oat- 
line,  with  rounded  edges  and  angles,  and  pitted  over  the  surface  in  the  usual 
manner.     It  is  a  rather  coarse-grained  oligosiderite,  of  very  firm  texture. 

In  forwarding  the  specimen  the  Collector  of  the  district  furnished  the  follow- 
ing account  of  the  fall : — ''One  Bamasamy  Gtoundan  is  said  to  have  been  in  hia 
field  facing  west|  when  he  heard  a  loud  report  behind  him  (ue.  the  esAt),  sjid 
turning  round  observed  the  &11  of  the  aerolite,  which  is  said  to  have  been  aocom- 
panied  by  steam  or  smoke.    The  sky  was  cloudy  at  the  time* 

"  The  observer  is  reported  to  have  become  insane  since  the  date  of  this  occurs 
rence.  I  have  therefore  been  unable  to  gather  any  further  information  as  to  the 
circumstances  of  the  fall.'^ 


Analysis  of  Qold-dust  from  the  Mesa  Valley,  Upper  Burma,  5;^  B.  Bomavis, 
D.So.,  Ohemioal  Examiner  to  the  Oovemment  of  Burma, 

The  Meza  river  is  a  western  affluent  of  the  Irawadi  close  to  the  town  of  Maja- 
doung,  about  1 30  miles  above  Mandalay.  The  specimens  were  sent  by  the  Deputy 
Commissioner  of  Katha,  a  station  on   the  Irawadi  some  35  miles  higher  up,  and 

■ 

'ITor  j^TiouB  notices  see  vol.  XI,  p.  188 ;  XII,  70;  XIII,  206,;  XIY,  1S^6;  XY,  Ui;  XVI 
204iXVII,  142;  XVIII,  124. 
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50  miles  below  Bhamo.    The  sample  A  was  found  at  the  foot  of  a  range  of  hills 
30  miles  west  of  Katha ;  its  composition  was  as  follows : — 

Gold 87-66 

saver 6-96 

Copper  pyriltt    ........  1*96 

Silver .  1-64 

Omngne    ^Majcnetite *     .         .         .         .  082 

^QaRrfa       .         .         .  ' 1*09 

Low  on  ignition 1*48 

The  specimen  was  in  comparatively  large  irregular  grains,  with  adhering 
quartz.  The  silver  was  partly  alloyed  with  gold,  partly  in  the  residue  insoluble 
in  aqua-regia.  Under  the  microscope  I  picked  out  an  octahedral  crystal  of 
chrome  iron  and  a  grain  of  iridosmine. 

The  sample  B  was  from  the  river  sand ;  it  was  in  small  smooth  grains.  It  ooa« 
tained  little  magnetite,  but  a  comparatively  large  quantity  of  iridosmine.  Analy- 
sis gave  the  following  result : — 

Gold 74*88 

Silver , 286 

PUfcinnm  (with  trace  of  iridinm) 2*63 

Iridosmine          •..;.•••..  7*04 

Zirconia 7*08 

Silioa  (by  diflerenoe)  .      * 6*66 

The  iridosmine  is  known  to  the  gold- washers  as  shm-than  (clear  iron),  but 
they  reject  it  as  useless ;  so  it  seems  likely  that  with  due  care  a  much  larger  pro> 
portion  might  be  procured.^ 

In  connection  with  the  analysis  of  the  gold,  the  following  brief  notice  of  the 
gold  diggings  in  the  Elatha  district  may  be  of  interest ;  it  is  abstracted  from  a  re- 
port by  Mr.  H.  M.  S.  Mathews,  as  published  in  the  Bangwm  Odzette  of  the  18th 
August  1886. 

Five  principal  localities  are  noticed:  (1)  Ma-In-Shwemu,  70  miles  north- 
west of  Katha  and  38  from  Maing-Kaing  on  the  Ghindwin,  several  days  by  boat 
above  Eindat;  (2)  Eaba  Schwemu,  15  miles  west  of  Wuntho;  (3)  Mauhaing 
Schwemu,  25  miles  west  of  Manteit ;  (4)  Ko-nan-yua,  20  miles  north-west  of 
Manteit;  (5)  Nanka  Schwemu,  west  of  the  Mu  river  and  on  the  same  parallel  as 
Wuntho.  There  are  old  workings  in  the  Elatha  district  itself,  also  in  the  inde- 
pendent country  north  of  Ma-In. 

There  are  three  different  methods  of  working : 

(1)  Shallow  channels  are  dug  in  the  gold-bearing  ground,  with  deeper  pools 
at  intervals  to  serve  as  catchment  basins.  Water  is  then  conducted  into  the  chan- 
Del  from  the  nearest  hOl  stream.  After  a  few  hours  the  water-supply  is  diverted 
and  the  water  baled  out  of  the  basins,  the  silt  collected  in  these  being  carefully 
washed  for  gold  dust. 

(2)  By  washing^  the  silt  collected  during  the  rains  in  deep  catchment  drains, 
sometimes  a  mile  and  a  half  long,  and  generally  the  common  property  of  a 
village.     They  yield  from  5  to  20  rupees  weight  of  gold  in  the  season* 

^  For  a  notice  of  iridoemine  from  the  sireftm  gold  of  Upper  AMam,  lee  a  paper  bj  Mr.  Mf llet 
in  the  Recorda  for  1882  (Vol.  XV,  p.  63). 


870  Records  of  the  Geological  Survey  of  India.  [vol.  m, 

(3)  By  mining  the  anriferons  layers  in  the  deep  allnvial  deposits.  The  layer 
is  generally  a  span  or  less  in  thickness  of  dark  sandy  pehbly  soil  overlaid  by  a 
red  layer  of  similar  compo^tion,  which  is  again  overlaid  by  ordinary  loam,  from 
5  to  20  cnbits  in  depth.  In  the  dry  weather  drifts  are  driven  from  the  bank  of  a 
stream  on  the  ontorop  of  the  gold-layer.  At  intervals  of  abont  7  or  8  cubits  a 
shaft  is  sunk  down  to  the  drift»  i^paranily  to  aecnre  escape  in  case  of  a  fall  of 
earth ;  the  drift  ia  then  oontinued  in  the  most  promising  direotion.  The  earn- 
ings are  very  nnoertain:  from  Re.  1-4  #oight  of  gcM.  to  only  4  annas  weight  in  a 
month.  At  the  diggings  the  gold  is  valned  at  abont  Ba.  20  per  rupee  weight ; 
at  E[atha  the  price  is  20  to  30  Bs. 

The  gold-seekers  are  principally  Kado  Shans,  t.e.,  half-bred  Shan  Burmans . 
they  work  for  two  or  three  months  in  the  yelur,  and  for  lihe  rest  as  ordinary  culti- 
vators. The  workings  are  said  to  have  been  carried  on  for  300  years.  In  1882 
the  Burmese  officials  were  expelled  by  the  Wuntho  Chief  who  holds  the  coantiy 
still. 


ADDITIONS  TO  THS  HUSEUIT. 

Fbom  l8T  JULT  TO  SOlH  SimifBIB  1886. 

'Dhobi's  earth,*  sand  with  carbonate  of  aoda,  locally  used  in  waabiog  clothes,  ocean  in 
patches  among  the  low  sand  dunes  on  the  ihore'of  the  Godavari  delta;  and  some 
sulphoioTiB  earth,  from  theCbdaraii  Mta.         Paisaimn  bt  Mb.  J.  Yavstavsbv. 

A  piece  of  orpiment  from  Chitral,  finom  hiUfl  north-weat  of  Killa  Draaaan. 

Bwmmnah  wot  Db.  Giibs,  6iL«arr  Mxmnv* 
Cobalt  ore  from  Bahai,  south  of  Khetri,  and  slag  from  old  disused  copper  ttinee,  20  miles  from 
Bahai  neav  Dhaaaota,  about  1  mile  aorUl  ef  UdeypWf  •  viOaga  ia  Jsypore. 

FaaravTBi)  by  Dbi  J.  P.  fivBAftoVt  Polxtioal  Aobbt,  Jbtpobb. 

A  collection  of  minerals  about  42  varieties,  and  8  aptfokbena  of  Botoon  eanaden»€t  from 

Oanada.  PaisBirain  xz  Sib  J.  William  Dawbov. 

Specimen  of  gold  dust  from  river  sand,  from  Meia  Chjaung. 

Pbbsbvtbd  bt  Ba.  R.  Baiuina»  Oqbjcioal  ExAioirBB,  Bdbma. 
A  slab,  18  inches  square,  of  red  marble,  out  and  peHahed,  from  Jeypore,  Rajputana. 

PBBSBlfTBD  BT  THB  JVTPOBB  MVBBVII, 

The  nearly  entire  meteorite  that  fell' on  the  f7th  JaniAiy  1888,  at  Nammianthal  village, 
6  miles  north-eaat  of  Tiruvanuamalai  town  in  South  Aroot,  Madras,  weight  4619  gram- 
mes. SiBBT  Bt  THB  GOLLBCTOB  OF  SoUTH  AbGOT . 

Nineteeo  specimene  of  mineralB  from  German  looaHties. 

BT  BXCHAMOB,  taOS  TBB  JbBA  XJiriVBBSITT  MUSBUIL 


ADDITIONS  TO  THE  LIBBABY. 

Fbom  Ist  Jvlt  to  80tb  Sbytbicbbb  1886* 

Titles  tf  Boohi.  Donan. 

Backhousb,  JamM.-*On  a  mandible  of  MacharoduB  from  the  forest-bed.  With  an  appeD- 

dix  by  R.  Lydekker.    S""  Pam.,  London,  1886.  R.  Ltdbkebb. 

Bbobb's.— Klasaen  und  Ordnunffen  des  Tfaier-Reiohs.    Band  YI,  abth  III,  ReptUien,  lief. 

60-58.    8°  Leipzig,  1888. 
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TUl0i  <f  BoohM,  Donors. 

Bbo88abd»  S. — Ebmu  sur  la  ooostitatioQ  phyiique  et  g^ologiqae  des  regions  m^ridionales 

de  la  Bub-diyision  de  S^tif  (Alg^rie).    4°  Paris,  1866.    H.  B.  Mbdlicott. 
BuBMA. — Papers  on  the  (Geology  and  Minerals  of  Britisli  Burma,  reprinted  hj  order  of  0.  B* 

Bernard,  CSdei  CommiBaoHer.    S^OalouMa,  1888. 

Gbolooicak  Subtbt  OB  Ihdia. 

BuBKBfl,  James, — ^A  narrative  of  a.  visit  to  the  Oooit  ofSinde;  a  sketch  of  the  history 

of  Otitch  from  its  first  eonnscitioB  (adth  the  Biitish  Government  in  India 
till  the  eenehinon  of  the  treafty  of  1818 ;  and  some  remarks  on  the  medi- 
cal topogn{ihy  of  fihoc^.    8*  Edinhmgh,  1881. 

Cabtillo,  Antonio  del,  and  BiBOBBA*  JfaruMo.— Antropolcigia  llezicana.    SI  Hombre 

del  Fenon.  Notioia  sofaie  el  halhuqgo  de  on  hombre  prehistorico  en  el 
Valla  de  M^noo. .  8"*  Fm,  M4iioo,  1885.  M.  B^bobna* 

OAinLBT,  Frobj^  2V^-Oo  th^  stmofaore  o£  the  Seyilik  Hills  and  the  organic  remains  found  in 

thenu .  4*".  Pais.,  Iiondom  1^6.      .  .  H.  B.  Mbblicott. 

Clabkb,  John  Jf.-^On  the  higher  Devonian  Fannaa  of  Ontario  county  New  York.    8"* 

Washington,  1886.  H.  B.  Mbdlicott. 

CoPB,  JBdward  D.— Report  on  the  stratigraphy  and  pliocene  vertebrate  paleontology  of 

Northern  Colorado.    9*  Ftoi.,  Washington,  1874. 

'       ^-  H.  B.  Mbdlicott. 

,p  Review  of  the  ,vectebrata  of  the  cretaceous  period  found  west  of  the 

Mississippi  river.    8"*  Washington*  1874.  H.  B.  Mbdlicott. 

ObobSi  Whitman,  and   HiLLiBBAirD,   W.  J^-H-Contributions  to  the  Mineralogy   of   the 

Roclgr  Mouotiuns.    8*  Washington,  1885.  fl.  B.  Mbdlicott* 

Datidsok,  Tkomas^Hikid  SUuriMi  BBBofaMpoda  of  the  Pentland  Hills.    4''  Pam.,  Glasgow, 

1868.  H.  B.  Mbdlicott. 

Dawson,  Sir  J.  IPi^^Mi.— On  thercadllsof  leoeai  ^Kidontiooa  of  .erect  tn^  contain 

Evimalfttintinsin  'Che  oosi^fnmnrtin^  of  Nova  Scotia.    4* 
XM^^Qi  1888.  Thb  Author. 

„  On  some  nnaolved  problems  in  Geology.    8^  Pam.,  Salem, 

1889-     .  .    .  Thb  Authob. 

„  Oif  the  «ielaoeoias  4Mid  tertiaiy  floras  of  British  Columbia  and 

.the  IfortM^^t  Territory,    i""  Montreal,  1883. 

Thb  Authob. 

M  On  the  Mim9m-  Floxas  of  the  Qooky  Mountain  Region  of 

Ouiuifu   4P  HontEeal»  1885.  Thb  Authob^ 

Dblgado.  J.  F.  iVery.— Sobre  a  elistenukr   do  terreno  siluriano  no  baixo  alemt^o.    4° 

Lisbon,  1876*  Gbological  Subvbt,  Pobtugal. 

,y  Belatoria  da  Oommissao  desempenhada  em  Hespanha  no  anno  de 

1878.    4^  Ptoi.,  Lisboa,  1879. 

GBOLoaiOAL  Subvbt,  Pobtugal. 

Note  BUT  les   JlchantillonB  de  Bilobites    envoy^  a  rezposition 
gdograf  hiqne  de  Toulouse.    8^  Pam.»  Toulouse,  1884. 

Gbological  Subvbt,  Pobtugal. 

FisoHBB,  Pa«Z.— Manuel  de  Conohyliologie.    Fasc.  X.    8^  Paris,  1880. 

Fishbb,  Bev.  Osmond.^On  the  variations  of  gravity  at  certain  stations  of  the  Indian  Arc 

of  the  meridian  in  relation  to  their  bearing  upon  the  constitution  of  the 
earth's  crust.    8°  Pam.,  London,  1886.  Thb  Authob. 
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Titht  of  Boohs.  Domori. 

FonTAiTNES,  jF. — Noto  sur  la  dtfcouTerto  d'un  anio  plisstf  dftna  I0  miookie  du  Portugal. 

8°  Pam.,  Lyon,  1883.  Gaoio^iciL  8ubtbt»  Postuoaa. 

„  Noto  Bar  qnelqaes  gisemento  ooaFeaiix  des  tamins  miookiefl  d«  Portogil 

et  description  d'nn  porianien  da  genre  aeheloiiB.    8°  Pam.,  Paria»  1884^ 

GEOLOaiCAL  SUBTXT,  PoBTUeAI.. 

Fbanvliv,  Jojiiet.— On  the  geology  of  a  portion  of  Baodoloand,  Boglteleand,  and  ike  du- 

trioto  of  Saagor  and  Jabalpore.    4°  Pam.,  LoodoR*  1828. 

Fttchb  ^^09*  ^.— Barma  past  and  present  with  pemo&al  nmittiBoeneee  of  the  ooantxy. 

2  ^ols.    8"  London*  1878. 
Gabb,  Wm.  Jf.— On  the  topography  and  geology  of  Santo  Domingo.    4P  Philadelphia, 

1873.  H.  R  Mbblioott. 

G1BBB8,  Robert,  TF.— A  memoir  on  Mosasaaros  and  the  three  allied  new  genera,  Holoodna^ 

Conoeaaras,  and  Amphorosteoe.    41*  Pam.,  Washington,  1850. 

H.  B,  Mbdlioott. 

Gbaitt,  C  W. — Memoir  to  illostrato  a  geological  map  of  Catch.    4*  London,  1837. 

H.  Hi  Mbdlicott. 

Haoub,  Arnold,  and  Iddihos,  Joseph,  IP, — On  the  development  of  crystallization  in  the 

igneons  rocks  of  Washoe  Nevada,  with  notes  on  the  geology  of  the  dis- 
trict   8°  Pam.,  Washington,  1886.  H.  B.  MsDLioorr. 

Hatkb,  Benjamin,  and  Bishop,  B, — Memorandnm  with  an  analysis  of  the  ores  of  copper 

in  the  Nellore  and  Cnddapah  districts,  and  in  the  zemindaiies  of  Venca- 
tagherry  and  Calastry.  Together  with  a  few  remarks  hy  C.  A.  Kerr,  ft 
Madras,  1835.  H.  B.  Mbduooit. 

Hbctob,  James, — Preliminary  report  on  the  recent    Volcanic  Ernptions.      Flso.  Pam., 

Wellington,  1886.  Thb  Authob. 

HrrcHCoOK,  Edward, — Illastrations  of  snrfaoe  geology.    4*  Washington,  1857. 

H.  B.  Mbdlicor. 
Ikbo-China.— Misoellaneons  papers  relating  to  Indo-China :  reprinted  for  the  Struts  Branch 

of  the  Koyal  Asiatic  Society  from  Dalrymple's  "  Oriental  Repertory,"  and 
the  **  Asiatic  Beeearches"  and  "  Joomal"  of  the  Asiatic  Society  of  Bengal. 
'    2  vols.    8*  London,  1886. 
iBviira,  Roland  Dk^t.— The  copper-hearing  rooks  of  Lake  Saperior.    4*  Washington,  1883. 

BavBWB  Aim  Aqbioultubal  Dbpabvubht. 
Ibvibo,  Roland  Buer  and  Crambbbizk,  T.  O.-^-Obsttrvations  on  the  jnnction  between  the 

eastern  sandstone  and  the  Keweenaw  series  on  Keweenaw  Point,  Lake 

Snperior.    8°  Washington,  1885.  H.  B.  Mbi>cicott. 

Jaubs,  Joseph  F.^K  revinon  of  the  genos  Clematis  of  the  United  States.    8^  Pam.,  CSn- 

dnnati,  1883.  Thb  Authob. 

„  Cephalopoda  of  the  Cmdnnati  groap.    8*  Pam.,  Cincinnati,  1886. 

Tbb  Authob. 
Jakbs,  U.  P.-^atalogae  of  the  Lovrer  Silarian  Fossilf,  Cincinnati  groap,  foand  at  Cindn- 

nati  and  vicinity  within  a  range  of  40  or  50  miles.    8*  Pam.,  (Sndnnati, 
1871.  Tkb  Authob* 

,,         Contribations  to  Paleontology :  fossils  of  the  Lower  Silarian  formation : 
Ohio,  Indiana  and  Kentaoky.    8*  Pam.,  Cincinnati,  1881. 

Thb  Authob. 
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Jambb,  U.  p.— •Descriptions  of  ten  new  species  of  Monticnlipora  from  the  Cincinnati  group, 

Ohio.    8^  Pam.,  Cincinnati,  1882.  Thb  Authob. 

JuDD,  John  W. — On  Marekanite  and  its  allies.    8"  Fam«,  London,  1886.         Thb  Authob. 

Ealkowset,  Ernst, — Elements  der  Lithologie.    8^  Heidelberg,  1886. 

EiBKPATBiOK,  ColoneL-^hxL  account  of  the  kingdom  of  Nepaul,  being  the  substance  of  ob- 

seryations  made  during  a  mission  to  that  country  in  the  year  1793.    4* 

London,  1811. 
JikWEf  ChutoMf  C, — Die  £chinoiden  der  Oesterreichisch-Ungarischen  Oberen  Tertiaerablage- 

rongen.    4"*  Wien,  1871.  H.  B.  M BDlicom. 

Lbidt,  Joseph. — Memoir  on  the  extinct  species  of  American  Ox.    4*  Pam.,  Washington* 

1862.  H.  B.  Mbdlicott. 

„  The  ancient  fauna  of  Nebraska ;  or,  a  description  of  remains  of  extinct 

Mammalia  and  Cbelonia  from  the  mauvuses  terres    of  Nebraska.    4^ 
Washington,  1^68.  H.  B.  Mbdlioott. 

„  A  memoir  on  the  extinct  Sloth  tribe  of  North  America.    4^  Washington* 

1865.  H.  B.  Mbducott* 

„  Cretaceous  reptiles  of  the  United  States.    4*  Washington,  1866. 

H.  B.  Mbducott. 

Ltdbkkbb,  Richard* — Description  of  a  tooth  of  Mastodon  latidens,  Clif t,  from  Borneo.    8^ 

Pam.,  London,  1886.  R.  Ltdbkkbb, 

„  Note  on  some  vertebrata  from  the  Red    Crag.     8^  Pam.,  London, 

1886.  B.  Ltdbbkbb. 

„  On  the  fossil  mammalia  of  Maragha,  in  North -Western  Persia.    8^ 

Pam.,  London,  1886.  B.  Ltdbkkbb. 

Mabtik,  •/tf^.— PaMontologie  stratigraphique  de  Tlnfra-Lias  du  dtfpartement  de  la  C6te* 

D'Or,  suivie  d'un  aper^u  pal^ntologique  sur  les  mdmes  assises  dans  le 
Rhone,  I'Aid^he  et  I'ls^re.    4^  Paris,  1869.  H.  B.  Mbducott. 

MiHBS.— Final  report  of  Her  Majesty's  Commissio9er8  appointed  to  enquire  into  accidents 

in  Mines,  and  the  possible  means  o£  preventing  their  occurrence  or  limit- 
ing their  disastrous  consequences,  together  with  evidence  and  appendices. 
Flso.  London,  1886.  QorxaMWKSt  op  Ibdia. 

Mot»HKBTOtF,  J.  F.— Turkestan; a   geological  and  orographical  description  based  upon 

data  collected  daring  the  journeys  of  1874  to  188a  Vol  L  (In  Ruwian.) 
8°  St.  Petersburg,  1886. 

Pal^ntologie  Franfaise*    1"  Serie,  Animanx  Lavert^r^,  Terrain  Jorassique,  Crinoides 

livr.  81 ;  £oo^ne :  £chinides,  livr.  4-6,  Terrain  Cr^tac^ :  Zoophytes,  \m\ 
81-32.  2"*  S^e,  V^g^taux,  Terrain  Jurasaique,  £ph^dr^,  livr.  36-36*. 
8^^  Paris,  1886. 

Pbvtlakd,  J.  J?.^Bescription  of  fossil  remains  of  some  nimala  from  the  north-east  border 

of  Bengal.    ^  Pam.,  London,  1828.  H.  B.  Mbducott. 

Pbtbb,  Bohert.—Ovi  the  general  excellence  of  soils  of  Kentucky,  Ac.    8*  Pam.,  Frankfort 

No  date.  CivciirKATi  Socibtt  of  Natubal  Histobt. 

PoHUO,  ^.— On  the  pliocene  of  Maragha,  Persia,  imd  its  resembknce  to  that  of  Pikermi 

in  Greece ;  on  fossil  elephant  remains  of  Gaacasia  and  Persia;  and  on  the 
results  of  a  monograph  of  the  fossil  ebphants  of  Germany  and  Italy.  8* 
Pam.,    London,  1886.  Thb  Authob. 
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Tiilei  of  Books.  Domn-s. 

PuMPBLLT,  BaphaeL-^-QwAogioii  researches  in  China,  Mongolia,  and  Japan,  daring  tiis 

yean  1862  to  1866.    4**  Washington,  1866.  H.  B.  Msduoor. 

QuATBBFAOBs,  Armatid   c^.— Les    ages   prtfhifltoriques   40  I*  Bspagne  et  du  Portngal. 

Preface.  8"  Paris,  1886.  Thb  Authoe. 

RiBKiso,  Carht.^Deii  formations  tertiaires  du  Portngal.    r  P«m.,  Paris,  188a 

RthiMSTKB,  X.*— Untersnchnng    der  Thierreste   aos  den  PAililbattteD   der  8chw«is.     4* 

Pam.,  Zurich,  I860.  H.  6.  Hbdlicott. 

ScLATBB,  P,  Z.— On  the  Bhinooeroses  now  or  lately  living  in  the  menagerie  of  the  Zoolo- 

•  gical  Sooiety  of  Londoni    4"*  London,  1876.  H.  B.  Hsduoott. 

Stoliczka,  JPW^»iMiiM/.^01igociae  BryoEoen  vob  Laldoif  in  Bnrabai^.    8"  Pamu»  Wien^ 

1861»  .  H.  B.  Mbouoott. 

BwiK,  James  ^.— The  Indians  of  Cape  Platteiy,  at  the  entranoe  io  the  Sfendt  of  VyMS, 

Washington  Territory.    4"  Washington,  1869.  H.  B.  HiDUOon. 

Tbbqubm,  O.  and  Pibttb,  E.^hb  Lias  iofiSrieor de  V  Est  .de  la  Pranoe  comprenant  la  Menrthe, 

laMosellf,  le  Grand-Dnch^  de  Lwembonrg^  la  Belgiqne  et  la  Mense. 
4"*  Paris,  1866.  H.  B.  MsPLicon. 

Thomas,  (V^W'-^ynofwaof  the  Aeiididaedf  Nottk  Atterioa«    4^  Washington,  1873. 

H.  B.  Mbdliooct. 

Thomsov,  Sir  C.  JFyniUo,  and  Iff ttbbat,  tTb^n.-^Report  of  the  smentifie  nsolta  of  tho 

▼oyage  of  H.  M.  S.  ''Challenger"  daring  1678^6^     Vol.  XIV,  2So6togy, 
4°  London,  1886.  Sbct.  ov  Bvjsal 

Wall,  G.  P.  and  Sawkiks,  James  G^.— Beport  on  the  geology  of  Trinidad.    8*  London. 

1860. 
Wabdxb,  Boberi  J9.— An  antiseptio  called  **  Ozone.'*    8*  Fftm.,  Oolnmhos,  1882. 

Thb  Acfthdb. 

Wbssbl,  PJUlipp^  and  Wbbbb,  O^fo.— Naaer  Beitrag  nu  Teriiar^Floia  der  niederrheinis- 

oh«&  Bmankohleaformation.    4^  Cassel,  1865.  H.  B.  Mxolicott. 

Whitb,  Charles  A.^On  marine  eocene  fresh-water  mtoeana  and  other  fossil  moUosca  of 

wsstsm  North  Amerioa.    8*  Pam.,  Washington,  18B5. 

H.  B.  MioLioon. 

,»  On  new  cretaceous  fossils  from  California.    8°  Pam«,  Washington^ 

1886.  H.  B.  Mbbucott. 

Whittlbsbt,  OSUptIss;— On  the  fresh-water  glacial  drift  of  the  North-Westem  States.    4? 

*     Washington,  1866.  H.  B.  Mbducott- 

Williams,  2>.  JET. — ^A  geological  report  on  the  Kymors  Mountains,  the  Bamghnr  Coal- 
fields, and  on  tho  maimfaotqye  of  iion,  4»*    8*  Caioattsj  186S. 

H.  B.  Mbdlicott. 
WiLUS,  Bailey, — ^The  lignites  of  the  Great  Sioux  Beservation ;  a  report  on  the  region 

between  the  Grand  and  Moreao  riven,  Dakota.    8**  Pam.,  Washington, 
1885.  H.  B.  Mbdlicoit- 

TuLB,  Senr^t  and  Bubvbll,  Arthur  Coke, — Hobson-Jobson  :  being  a  glossary  of  Anglo- 
Indian  colloquial  words  and  phrases,  and  of  kindred  terms;  etymolo- 
gical, historical,  geographical,  and  discurslTe.    8^  London,  1886. 
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PEBIODICALS,  SERIALS,  &c. 
TUles  of  Books.  Donor$. 

Ajnerioan  Journal  of  Sdenoe.    8*^  8eriei»  VoL  XXXI,  No.  180  to  XXXII,  No  189.    8°  New 

Havenj  1886.  Thb  Editobs. 

American  NatoraliBt.  Vol.  XX,  No  5.    8*"  Philadelphia,  1886. 

Annalen  der  Phjsik  nnd  Chemie.  None  Folge.  Band  XXVIII,  heft  2-4  8°  Leipzig,  1886. 
Annalee  des  Mines.  8"*  S^rie,  Tome  IX,  lirr.  1.  8"  Paris,  1886.  L'adkihib.  dbs  Mikbs. 
Annales  des  Sciences  Natnrdles.  7*^  S^rie,  Botaniqne,  Tome  III,  Nos  4.6.  8"  Paris,  1886. 
Annales  des  Sciences  NatnxeUes.    6"^' S6rie,  Zoologie  et  Bal^ntologie.    Tome  XX,  Nos  3^. 

8*  Paris,  1886. 
Annals  and  Magazine  of  Natural  History.    6th  Series,  VoL  XVIII,  Nos,  103-105.    8"* 

London,  1886. 
Archiv  fur  Natargesohiohte.    Jahrg.  L,  heft  6.    8^  Beriln,  1884. 
AfthenMm  Nos.  80684iorS.    4P  London,  1^6. 

BbihnMer  an  den  Annalen  der  Physik  nnd  Chemie.    Band  X,  Nos.  6A    8^  Leipsig,  1886. 
Biblioth^no  UuTorsaUe,    Archives  des  Scdenoes  Phjsjqnea  et  NatofeUes.    S""'  P^rio^ 

Tome  XV,  Nos. >6.    8^  Otn^ve,  1886. 
Biblioth^ne  Universelle  et  Revue  Suisse.    3"*  P^riode,  Tome  XXX,  No.  89  to  XXXI, 

No.  01.    8"  Lausanne,  1886. 
Botanisohes  Centralhlatt.    Band  XXVI,  No.  9  to  XXVII,  No.  11.    ST*  Oassel,  1886. 
Chemical  News.    VoL  LIII,  No.  1386  to  LIV,  No.  1398.    4""  London,  1886. 
CoUieiy  Ouardian.  Vol.  LI,  No.  1888,  te  UI,  No.  IStfl.    FoL  Landon,  1886. 
Das  Ansland.    Jahrg.  LIX,  Nos.  23-36.    4''  Stuttgart,  1886. 
Geological  Magaaome.    New  series.  Decade  III,  VoL  III,  Nos.  7-9.    8"  London,  1886. 
Indian  Engineer.    VoL  I^  Nos.  8-13.    4**  Calcutta,  1886.  ThbEditob. 

lion.    Vol.  XXVII,  No.  700  to  XXVIII,  No.  713.    FoL  London,  1886. 
Journal  do  Conchyliologie.    3*"*  s^rie,  Tome  XXVI,  No.  1.    8"  Paris,  1886. 
London,  Edinburgh  and  Dublin  Philosophiosl  Magazine  and  Journal  of  Sdcxlce.  6th  series, 

VoL  XXn,  Nob.  134.136.    8*  London,  1886. 
Mining  JonmaL    VoL  LVI,  Nos.  2660-2663.    FoL  London,  1886. 
NaturiB  Novitates.  Jshrg.  VIII,  Nos.  11-17.    8"  Berlin,  1886. 
Nature.    VoL  XXXIV,  No.  867-880.    4"  London,  1886. 
Neues  Jahrbutob  fur  Minoialogie,  Geologic  und  Pslaeontologie.    Jahrg.  1886,  Band  II,  heft 

l-S.    S^' Stntfgart,  1886. 
Neues  Jahrbuch  fiir  Minendogie,  Geolc^  und  Palae9ntologia«     Beikgo-Band  IV,  heft  3. 

8**  Stuttgart,  1886. 
Palseontographica.    Band  XXXII,  lief  4.    4**  Stuttgart,  1886. 
Palseontc^;raphica.    Supplement  HI.    4^  Cassel,  1885. 

Petermann's  Geographische  Mittheilungen.    Band  XXXII,  Nos.  6-8.    4*  Gbtha,  1886. 
Petermann's  Geographische  Mittheilungen.    Supplement  No;  83.    41*  Ootha,  1886. 
Quarterly  Journal  of  Microscopical  Science.    New  series.    VoL  XXVI,  pt.  4  and  XXVII 

pt.  1.    8^  London,  1886. 
Zdtsohrift  for  Naturwisseoschaften.    Folgo  4^  Band  V,  hsft  1*2.    S"*  Halle,  1886. 


GOVERNMENT  SELECTIONS,  REPORTS,  Ac. 
Bbboal.— Quarterly  Bengal  Army  list.    New  series,  No.  97.    8"  Calcutta,  1886. 

GoVBBirMBKT  OB  InBII. 

Bombay.— -Selections  from  the  Records  of  the  Bombay  Government.  New  series,  Nos.  178 

and  181-185.    Flsc.  Bombay,  1886.  Bombay  Govbbkmbnt, 
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TUU9  of  Boohn.  Demon, 

Ihma.— The  Imperial  Qazettoer  of  India^    By  W.  W.  Hunter,   dnd  editiaii.TolB.  I— VIII 

8*  London,  1886.  QovBBNianrT  of  Ivi>u« 

n        Note  on  an  inspection  of  the  foreete  in  Ondh  in  March  and  April  1886.    Bj  B- 

Bibhentrop.    Flsc,  Simla,  1886. 
H        Bepoit  on  the  oonm  of  inetrootion  at  the  Forest  School,  DehiB  Dnn,  during  1886. 

Flsc,  Simla,  1886.  C^orsBincBirT  op  India.* 

„        Review  of  forest  administration  in  British  India  for  1884-85.    FIso.,  Simla,  1886. 

GOVBSHMXVT  OF  IhDIA. 

„       Govemment  of  India.    Giyii  Budget  Estimate  te  1886-87.    Flsc,  Calcutta,  1886. 

€h>TBBKKB]IT  OF  IVDIA. 

„        List  of  0£Boer8  in  the  Surrey  Departments,  comcted  to  1st  July  1886.    Flse. 

Calcutta*  1886.  Bbvbvub  akd  Aobioultubal  Dbpabtiebvt. 

„        Meteorological  obserTations  recorded  at  six  stations  in  India,  corrected  and  reduced. 

Deeember  1885  a»d  January  to  May  1886.    4*  Calcutta,  1886. 

Mbtboboiootcal  Bbpobtbb  to  Gotbbkkbvt  of  Ivdia. 

»,        Review  of  the  trade  of  India  in  1885-86.    By  J.  E.  O'Conor.    Flsc.,  Simhk,  1886. 

Govbbhmbbt  of  Ihdia. 


TRANSACTIONS,  PROCEEDINGS,  &o,.  OF  SOCIETIES,  SURVEYS,  Ao. 

Balti If OBB.— American  Journal  of  Mathematics.    Vol.  VIII,  No.  3.    4^  Baltimore,  1886. 

Johns  Hopkins  Uniybbsitt. 

I,  Johns  Hopkins   University    Studies   in    Historical   and   Political   Science 

4ih  series,  VII--VIII— IZ.    8°  Baltimora,  1886. 

Thb  Uniybbsitt. 

BATAVlA»-*-Notulen  van  bet  Bataviaasch  G^nootsohap  van  Kunaten  en  Wetenscbappen. 

Deel  XXIV,  Afl.  2.    S"*  Batavia,  1886.  Thb  Socibtt. 

„  Tijdscbrift  voor  indische  Taal-land-en  Volkenkunde.    Deel  XXXI,  Afl.  2-3. 

8°  Batavia,  1886.  Thb  Socibtt. 

M         De  yestiging  yan  bet  Nederlandscbe  Gezag  over  de  Banda-Eilanden   (159^— 
1621).    Door  J.  A.  Van  der  Chijs.    %""  Batavia,  1886.         Thb  Socibtt. 

BaBLiN.*-Zeitsohrift  der  Dentsoben  geologisohen  Oeeellschaft.    Band  XXXVIII,  heft  1-8 

8^  Berlin,  1886.  Thb  Socibtt. 

BoiMBAT.^^onraal  of  the  Bpmbay  Natural  History  Soaety.    Vol.  I,  No.  8.    8^  Bombay^ 

1886.  Thb  Socibtt. 

Bbusmls.— Bulletin  de  k  8oei^t$  Boyale  Belffe  de  G^ograpble.    Ann^  X,  No.  2.    8* 

Bruzelles,  1886.  Thb  Socibtt. 

M         Bulletin  du  Mus^  Boynl  d'  Histoivs  Naturelle  de  Belgique.    Tome  IV,  No.  2. 
8"*  Bruxelles,  1886.  Thb  MusBmr. 

BroAPBfT.— Teimtaetn^a  Fiiaetek.    Vol.  X,  Nos.  2-3.  S""  Budapest,  1886. 

Thb  Mubbttv. 
GAliCi7TZA.«*Aiinttal  report,  lists  of  accessions,  and   selected   extracts  of  minutes  of  the 

Indian  Mosemn.    Vols,  XU-*XVI.    8^  Calcutta,  1881-1885. 

Indian  MrsBux. 
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Caioutta.— Catalogue  of  the  vemaiiM  of  Pleistoeeno  and  Pfe*liietorid  Verielmtat  contained 

in  the  Qeologieal  Department  of  the  Indian  Mnaenm,  Galontta.    By  R. 

Lydekker.   8**  Calentta,  1886.  GiOLOaiOAL  Subvbt  ov  India. 

„  Catalogue  of  the  remains  of  8i«ra1ik  Yertebrata  oontaiiied  in  the  Qeologieal 
DefMfftmeotof  the  Indian  Maaenm*  Calontta.  Fart  II,  Avesy  Beptiiia» 
and  Pieces.  By  B.  Lydekker.  8*  Caloutta,  1888. 

Gbolooioal  Subtit  ov  Ikdia. 


w 


n 


Asiatic  Researches ;  or,  Transactions  of  the  Society  instituted  in  Bengal  for 
enquiring  into  the  Hlstoiy  and  Antiquities,  the  Arts,  8dence8»  and  Litera- 
tore  of  Asia.  Vols.  I  to  XI.  Printed  verbatim  from  the  Calcutta  edition, 
41"  London^  1780-1812. 

Do.  Do.    Vols.  Xn—ZIV,  XYI,  XVII,  XIX  and  XX, 

4''  Calcutta,  1816-1836. 

Journal  of  the  Asiatic  Society  of  Bengal  New  serieSf  VoL  LV,  Part  I,  No.  8, 
and  Part  II,  No.  2.    8"*  Calcutta,  1886.  Thb  Socibtt. 

„         Proceedings  of  the  Aeiatic  Socieior  of  BengaL  Nos.IV-VL    8°Cakstttta,  1886. 

Thb  Socxbtt. 

„         PalflBontologia  Indica.    Series  X,  VoL  IV,  pt.  1,  and  Series  XTV,  Vol.  I.,  pt.  3, 
fasc.  6.    4^  Calcutta,  1886.  Gbolooigal  Subvbt  of  India. 

„         Records  of  the  Qeologieal  Survey  of  India.    Vol.   XIX,  pt.  3.    8^  Calcutta, 
1886b  Gbolooical  Subvbt  ob  Ikdia, 

„  General  report  on  the  operations  of  the  Survey  of  India  Department  during 

1884-86.    Flsc.  Calcutta,  1886.  Sobvbt  op  India. 

„         Survey  of  India  Department.    Notes  for  May  to  Angpist  1886.    Flsc.  Calcutta, 
1886.  SuBTBT  OF  India. 

M  Tables  of  heights  in  Bind,  the  Punjab,  N.-W-Provinces,  and  Central  India, 

determined  by  the  Great  Trigonometrical  Survey  of  India,  trigonometri- 
eally  and  by  spiriUleveling  operations,  to  May  1802.  8^  Calcutta, 
1863. 

M  Report  of  the  9th  annual  meeting  of  the  Indian  Association  for  the  Cultivation 

of  Science.    8^  Calcutta,  1886.  Thb  Association. 

„  University  dT  Calcutta.    Minutes  for  the  year  1886-86.    ^  Calcutta,  1886. 

CAldCUTTA  UnITBBSITT. 

Oambbidob.— Proceedings  of  the  Cambridge  Philoaophical  Society.  Vol.iV,  pt.  6.    8*  Cbm« 

bridge,  1883.  Thb  Sooibtt. 

M  Transactions  of  the  Cambridge  Phibsophicai  Society.    VoL  XIII,  pt^  d»    4^ 

Cambridge,  1883.  Thb  Socibtt, 

Cambbidob  Mass.— Bulletin  of  the  Mosenin  of  ComparaliTe  Zoology*    Vol.  XII,  No.  5, 

8°  Cambridge,  1886.  Thb  Musbum. 

Cincinnati. — Catalogue  of  the  books  and  pamphlets  in  the  library  of  the  Cincinnati  Soeiety 

of  Natural  History.    By  Joseph  F.  James.    8*  Cincinnati,  1886. 

Cincinnati  Socibtt  of  Natubal  Histobt. 

„  Journal  of  the  Cindunati  Society  of  Natural  History.    Vol.  I,  Nos.  1,  2  and 

4;  n,  Noe.  1,  2  and  4 ;  III,  Nos.  1,  3  and  4;  IV,  Nos.  1-4;  V,  Nos. 
1-4 ;  VI,  Nos.  1-4 ;  VII,  Nos.  M ;  ViU,  Nos,  1,  3  'and  4!;  IX, 
Nos.  1-2.    8"*  Cincinnati,  1878-1886 .  Thb  Socibtt. 
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TUlet  qf  Boohs.  Douorw. 

CotUMBUS,— AKnnal  wport  of  the  Ohio  State  Boaid  of  AgrienliaK  for  1872-1874  1876 

and  1877.    8"  Colnmbiu,  1878-1878. 

Civomijn  Soomr  or  Natusal  HiaroxT. 
„  Final  report  of  the  Ohio  State  Board  of  Centennial  Managers  to  the  Geneial 

AflMmbly  of  the  State  of  Ohio.    8^  OolmnhoB,  1877. 

ClHCINKATI  SOCUTT  OF  NaTUEAL  HiSfOXT. 

»  Oeologieohe  VermesauDg  dea  StaateaOhia    Theill*S.    8*  Gblmnbiia,  1871. 

CiircivKAn  Socnnr  op  Natvxak  Uistobt. 
„  Beport  of  the  Geological  Stirrej  of  Ohio.    Vols,  n—lll  Geology,  and  YoL  11 

PalBBontology.    8*^  Cotamhus,  1874-1878. 

OurcxHVAn  Sooumr  of  Natubai  Buhowt. 
COPSSHAOXF.— M^moireB  de  I'Acad^mie  Boyale   de   Copenhagne.    6"'   a^rie,   ToL   Us 

Nob.  8-10,  IH,  No.  2,  and  IV,  No*  1.    4!"  CcqieDhagne,  1886.1886, 

ThB  ACADXICT. 

Overftigt  over  det  hong,  dapske  Videnakahemea  Selakaha.    Na  3   (1886) 
and  No.  1  (1886).    8^  (Topenhagne,  1886-1886«  Thb  Acadxmt. 

PuBA  DvBr.*-€beat  Trigonometrical  Survey  of  India.    Spirit-levelled  heights.    Nob.  1-3, 

Sontheni  India.    8°  Dehra  Dun,  1872*1879. 
„  Great  Trigonometrical  Survey.    Spirit-levelled  hoghta  b  the  Bengal  Pnn- 

denoy.    Seriee  I— VIL    8*  Dehra  Dun,  1884. 
„  Great  Trigonometrioal  Survey.    Spirit-levelled  heighta  in  the  Bombay  Preei- 

denoy.    Nob.  1-4.    S^Dehra Dun,  1879-1886. 
„  Tables  of  heighta  in  the  Punjab,  N.-W.  Provinces  and  Oudh,  detennined  by 

the  spirit-levelling  operations  of  the  Great  Trigonometrical  Survey  of  I  ndia 
in  1866-67  to  1871-72.    Sections  1-^lX.    8?^  Dphra  Dun,  1869-1873. 
UkmBMV, — Sitaungsberiohte  und  Abhandlungen  der  NaturwisBenschafUiohen  Geadlachaft 

IbIb  id  Draeden.    Sahieg.  1886,  Jannar  Ins  Juni.    8*  Dresden,  1886. 

Thb  Soozbtt. 
noBUV.-^Bepdrt  of  the  Director  of  thd  Science  and  Art  Museum,  Dublin,  for  1886.    8* 

Dublin,  1886.  Thb  Mubbum. 

JfiMKBUBOH.— Soottbh  Geographical  Magazine.    Vol.  I,  Nos.  4-9,  and  II,  Nob.  6-9.    8* 

Edinburgh,  1886-1886.  Thb  Socibtt. 

K6»ieBBBB0.— Schriften  der  PhysikaliBch-fikonomiflchen  Gesellschaft.    Jahrg.  XXVL    4* 

KonigBbei^,  1886.  Thb  Socibtt. 

Lawakhb.— Bulletin  de  la  8oci€t^  Vaudoise  des  Sciences  Naturelles.    2"*  s^rie.    Vol.  XVI, 

No.  81.    8^  Lausanne,  1879.  Thb  Socibtt. 

LOUDON.— Journal  of  the  linnean  Society  of  London.    Botany,  Vol.  XXI,  Nob.  138-144> 

and  160.    Zoology,  Vol.  XIX,  Nos.  109-113.    8*  London,  1886-1886. 

Thb  Socibtt. 
^        TranBactions  of  the  Linnean  Society  of  London.    2nd  Beries,  Zoology,  VoL  IL 
pts.  12, 16-17,  and  VoL  III,  pt.  4.    4!*  London,  1886-1886. 

Thb  Socibtt. 

Journal  of  Jtbe' Royal  Aeiatic  Society  of  Great  Britsin  and  Ireland.    New  series, 

*  Vol.  XVIII,  pt.  2.    8'  London,  1886.  Thb  Socibtt. 

Joimsl  of  the  Society  of  Arts.    Vol.  XXXIV,  Nos.  176M764.    8"  London, 

1886.  Thb  Socibtt* 
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LoNiKm.—PKioeedings  e£  the  Royal  Qeographioal  Society.  New  seriee,  Vol.  VIII,  Nob.  6— 8- 

8'  London,  1886.  Thb  Sooibtt. 

„         ProeeedingB  of  the  Royal  Society.    Vol.  XL,  No.  243.    8°  London,  1886. 

Thx  Socibtt. 

„         Proceedings  of  ihe  Zoological  Society  of  London.    Pari  I*  1886.    8"  London, 
1886.  Thb  Sooibtt. 

„         Qoarttfrly  Joanial  of  thr  Qeobgical  Sockty  of  London*    Vol.  XLII,  No.  166. 

8*  London,  1886.  Thb  Socibtt. 

MADBii>.^Boletan  de  la  Bociedad  Oeografica  de  Madrid.    Tome  XX,  Nee.  4r6.    8°  Madrid, 

1886.  Thb  Sooibtt. 

Manobbstbb.— Transactions  of  the  Manchester  Qeological  Society.    Vol.  XVIII,  pt  20. 

8*  Maacheater.  1886.  Thb  Sooibtt. 

Moscotr. — Bnlletin  de  la  Socidt^  ImpMale  des  Natnralistes.    Tome  LXl,  Nos.  8-4    8" 

Mosoon,  1886.  Thb  Socibtt. 

NBWCA.8TLB;— -Transactions  of  the  north  of  England  Institute  of  Mining  and  Mechanical 

Engineers.    Vol.  XXXV,  pt  8.    8"  Newcastle.  1886. 

Thb  IvsTitimov. 

Pabis.— Bnlletin  de  la  SociM  G^logiqne  de  France.    8**  sMe,  Tome  XIII,  No.  8.    8"* 

Pkris^l886*  Thb  Socibtt. 

„        M^moires  de  la  Sod^^  G^ologiqne  de  France.    8**  s^rie.  Tome  IV,    No.  2.    4^ 

Paris,  188a  Thb  Sooibtt. 

„       Compte  rendu  des  Stances  de  la  Soci^t^  de  Geographic.  Nos.  6  and  11-15.    8* 

Paris,  1886.     \  Thb  Socibtt. 

Pbhzancb. — ^Transactions  of  the  Boyal  Geological  Society  of  GomvalL    Vol  X,  pt.  8.    8* 

Penzance,  1886.  >  Xhb  SociBft. 

Philadblphia.—* Journal  of  the  FrankHn  Institute.  8rd  8a|ie%  Vol.  XCI,  Nos.  6  and  XCII. 

Noe.  1-3.    8°  PhiUdelphia,  1886.  Thb  Ikstitutb. 

„  PiroceediAgs  of  the  Academy  of  N«tmal  ScJAQces.    Part  L    8°  Halidel- 

phia,  1886.  Thb  Acadbmt. 

„  Proceedings  of  the  American  PhilQMjjphicalSocieiy.   VoLXXIIl*  No.  122. 

8*  Philadelphia,  1886.  Thb  Socibtt. 

PisL^Atti  della  Societa  Toscana  di  Scienze  NaturalL    Memorie  Vol  Vll.    8*  Pisa,  1886. 

Thb  Socibtt. 

„       Atti  della  Societa  Toscana  di  Scienze  Natamli^  PnKXpai  verbalL  VoL  V.  pp»  58-94. 

8^  Pisa.  1886.  Thb  Socibtt. 


PobtvoaXi.— Sobia  a  ezistenoia  do  Terrene  Silnriano  No  Baixo  AIamt<|)0.  For.  J.  F*  N. 

Delgado.    4"*  Liehoa,  1876«  Gboik)OICA£  Subybt,  Pobtu&al. 

M  Section  des  Travauz  G^logiques  dn  Portugal.    Contributions  a  la  Flore  Fossils 

dn  Portugal,  par  le  Dr.  Oswald  Heer.    4"*  Lisbonne,  1881. 

GbologioaXi  Subybt,  Pobtuoal. 

„  Relatorio  e  outros  documentos  relatives  &  Commissik)  scientifica  desempenhada 

em  differentes  ddadea  da  Italia^  Allemanha  e  Franca.    By  J.  F.  N. 
Delgado.    4!*  Lisboa,  1882.  QBOLoaiOAL  Subybt,  Pobtugax.. 

Bomb.— Atti  della  B.  Accademia  del  Lincei.  Serie  8,  Memorie,  Vols.  XVIII— XIX ;  and 

Serie  4^  Vol.  II.    4"*  Roma,  1884-1885.  Thb  Acapbut. 
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TUles  qf  Booht.  Domorw. 

RooBKBB.— Tables  of  heights  in  N«*W.  Provinoee  and  Bengal,  determined  lyy  the  Q.  T.  8.  of 

L,  by  spirit-leveling  operations^  to  May  1866.    8"  Boorkee,  1866. 
St.  PjETBBSBOBG.^Biblioth^ae  G^ologiqoede  la  Bnssie.  1, 1886.  8"  St.  P^tersboarg,  1886. 

Gbologioal  Oommibbiov. 

„  Bulletins  da  Comit^  G^logiqne.  Vol.  V.  Nos.  1-6.    8^  St  P^tenhoaiig, 

1886.  OBOLoeiOAL  CoMxiasioji. 

„  M6moiTes  dn  Comit^  G^logiqne.  Vbl.  11,  No.  8.    4**  St.  P^tenbonig, 

1886.  Gbolooical  Cokmibbiov. 

SALBM.^Balletin  of  the  Essex  Institute.    Vol.  XVII,  No.  4r6.    8*  Salem,  1886. 

EssBX  Ikrxtutb. 

„        Memoiis  of  the  Peabody  Academy  of  Science.  Vol.  II.    8°  Salem,  1886. 

Thb  Acadsmt. 

Sab  Fbabgisco.— Bnlletin  of  the  California  Academy  of  Sciences.   No.  4.   8^  San  Francisco, 

1886.  Thb  Aoaobmt. 

Stdkby. — Report  of  the  committee  of  management  of  the  Technobgical*  Industrial  and 

Sanitary  Museum  for  1885.    Flso.  Sydney,  1886.  Thb  Mubbuk. 

ToBiNO. — Atti  della  B.  Acoademiadelte  Sdenxe di  Torino.    VoL  XXI,  disp.  6-6.    8**  Torino^ 

1886.  Thb  Aoadbxt. 

ToBOKTO. — Proceedings  of  the  Canadian  Institute.    3rd  series.  Vol.  Ill,  No.  4.    8"  Toronto, 

1886.  Thb  Ibbtitutb. 

ViCTOBiA.^Beport  on  the  cail>oniferou8  strata  and  coal  seams  situated  on  the  coast  between 

Western  Port  Bay  and  Anderson's  Inlet,  8  miles  east  of  Cape  Platterson 
in  Bass's  Straits.    By  A.  B.  C.  Selwyn.    Fkc    Melbourne,  1864. 

B.  D.  Oldham. 

„          Beports  relative  to  the  Geological  Surrey  of  Victoria,  1861.  Flsc  Melbourne, 

1862.  B.  D.  Oldhax. 

•  „         Beport  on  coal  seams.  Cape  Patterson,  with  plan  and  section.  By  Alfred  B.  C. 

Selwyn.    Flsc.    Melbourne,  1867.  B.  D.  Oldham. 

,,  Beport  on  the  coal  fields  of  Victoria.  Nos.  1-2.    By  John  Mackenzie.    Flic. 

Melbourne,  1878.  B.  D.  Oldham. 

„  Annual  report  of  the  Secretary  for  Mines  and  Water-Supply .     Flso.  Melbourne, 

1886.  Dbpabtmbnt  of  Mines  abd  Watbb-bupplt. 

„         Mineral  Statistics  of  Victoria  for  1886.    Flsc.,  Melbourne,  1886. 

Dbpabtmbnt  of  Mikbs,  Victobu. 

„  The  Gold-fields  of  Victoria.    Beports  of  the  Mining  Begistrais  for  the  quarter 

ending  31st  March  1886.    Flsc.  Melbourne,  1886. 

MiNiNo  Dbpabtmbnt,  Victobia. 
ViiSNNA.— Annalen  des  k.  k.  Naturhistorisohen  Hof museums.  Band  I,  No.  3.    8^  Wien, 

1886.  Thb  Mtobum. 

„         Verhandlungen  der  k.  k.  geologischen  Beichsanstalt.  Nos.  7-9.    8"  Wien,  1886. 

Thb  Inbtitutb 

Washinoton. — Annual  report  of  the  Smithsonian  Institution  for  1884.    4^  Washington, 

1886. 
„  Bulletin  of  the  United  States  National  Museum.    No.  24.    8"*  Washington, 

1883.  Bbvbnub  and  Aobioultubal  Dbpabtmbnt. 
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Washingtok.-— Fifth  annual  report   of  the  United  States  Oeologioal   Survey,  1883-84. 

Roy,  8"*  Washington,  1886.         Uhitbd  Statbs  GxoLoaiCAL  Subvbt. 

„  Transactions  and  Proceedings  of  the  New  Zealand  Institute.    Vol.  XVIIl. 

Index  to  Vols.  1-17.    8°  Wellington,  1886.  Thb  Ikstitutioit. 

ToKOHAHA.**Tran8action8  of  the  Asiatic  Society  of  Japan.    Tel.  XIY,  pt  1.  8^  Yokohama, 

1886.  Thb  Socibty. 

„  Transactiono  of  the  Seismologteal  Society  of  Japan.    Vol.  IX,  pts.  1-2.    8* 

Yokohama,  1886.  Thb  Sooibtt. 

MAPS. 

BouKANiA. — ^Harta  geologica  genarala  a  Bomaniei  loorala  de  memhrfi  Binroului  Geologic 

8uh  directinnea  domnoloi  Or.  Stefanescu.    Sheets  VII — IX.    iincharest. 
No  date.  GsoLoaiOAL  Bubbau. 

Tubkbbtak. — Carte  g^ologiqae  da  Turkestan  Snsse  dress^e  en  1881  par  les  ing^nieurs  des 

mines  G.  Romanovsky  et  I.  Mouohketow,  d'apr^s  leurs  propres  obsenra* 
tions  f aites  de  1874  ^  1880.    St.  P^tersbourg,  1886. 

Gbolooical  Commission,  Russia* 
October  23rd,  1886. 
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